1 WD 2006/015789 / PCT/ EP2005/ 008423 Met hod for nodul ati ng gene expression
by altering the CoG content Description The present invention relates to
nmodi fi ed pol ynucl eotides that are derilved fromnaturally occurring and
synthetic genes or other coding sequences, and that have a reduced or

i ncreased nunber of CpG dinucleotides in the coding region conpared to the
ori gi nal segueng@isTdeserquEypus/eot4ades may be used in order to

investigate, increase or reduce the gene expression and, in a special
case, to inprove the productlon of blonDIecuIes the eff|C|ency of DNA
vacci nes of:c§eflf tRErBRYUEES BUEEEE S§EPIREESH O ‘ € tymnsgeni ¢

ani mal s or plants. Background of tﬁ@ntﬁméntlon The prOV|S|on of
bi onol ecules in the formof peptides, proteins or RNA nol ecules is an

i nportant component in the biotechnol ogy .and pharmaceutical sector.
Proteins and RNAs produced by rel GﬁﬁFﬁE*E°Pechnology or expressed in vivo
are used to investigate basic nmechani sns and relationships as well as in
t he produ on _of bi ot echnol ogy ent in.the ctlo ransgenlc
a5 or B SRS eI0 e et T SERFT it Bt F e Rnec L ikbaT s afe ot
treat ment sy a/@@ca@ﬁﬁve@epﬁmlﬂgt@ﬁamﬁ odeRLEERY! 9Ra thBthevel of
expression of corresponding nolecules should be able to be regulated. In

nmost casesJ¢res e‘a%e@t%‘@v@ofﬂi@gs@%@d%m@e@r ogueét Fhat hevel s apdudedired. Each
expreSS|on sys 0 or geg&@g of o ﬁpgsérggﬁugﬁgokl ga&hog & g@agh det er m ne
u at

the actual® pro uction o resen nve fon're met hods and

appl i cat i onsgihatcatisavdd et d Otlﬁf@dblfii@ﬁnéhesedqe&ﬁteof expsession of arbitrary

genes in eukaryotic cells. In particular the nmethod is suitable for
polynucleotides may be used in order to investigate,

L N . N
increase or reduce the gene expression and, in a special
case, to improve the production of biomolecules, the
efficiency of DNA vaccines or gene therapy constructs, as

well as the quality of transgenic animals or plants.
Background of the invention

The provision of biomolecules in the form of peptides,
proteins or RNA molecules is an impértant component in
the biotechnology and pharmaceutical sector. Proteins

e and RNAs produced by recombinant technology or expressed
in vivo are used to investigate basic mechanisms and
relationships, as well as in the production of
biotechnology reagents, in the production of transgenic
animals or plants, or for medical applications in the
development of treatments and vaccines. Depending on the
application, the level of expression of corresponding

molecules should be able to be regulated.

In most cases increases above the standard production

levels are desired. Each expression system or vector



nodul ating arbitrary genes so that the achi evabl e gene expression is above
the Il evel that can be achieved with hitherto known nethods for increasing
the expression. Prior art CpG dinucl edti des occupy an inportant position in
the genone of eukaryotes. They are not randomy distributed |ike other

di nucl eoti des, but instead are under- represented over w de stretches of the

genone. | neorpsiehidid©mPQ et B4 deshi ¢h t hesErih B9 OfIse a8 ggneral Iy
nmet hyl ated. An exception to this are regions that have a very nuch higher

density ofPITE vl @bibwles, Hivl BReetnbnineeduhen velahesetproperties are

termed CpG islands ﬁgﬂ erjsti r r f A nds and a
further diq?%%lr encear\lmf\t res%agécjt&&t% ‘t}ﬁ%@(%%gd‘%gnlu%l%%p?%g%@?% ﬂ’]g fact that
the CpG dilwicdeaif degpiasdien isf aadsi arery agerme s ule dokapyesest in

met hyl ated form The under-representation_ of G dinucl eotides is explained

CpG
by a cheni®&t!Hodi ¥t RAT O bt He' ¢ dre Hspdnts ngii ikl @otPBes. I n the genone

of vertebr &Ibpdg =909 C I Lo Lpes di eptides are

pr esent inr%n(g’%y at edaﬁ%o%)ﬁ/ga d %%esse ér/r(%at }lﬁlg?ceﬂa@cyt osﬁ%@fgrgéggten
nodi fi ed byxpmesss nat 00 dhotdyrhaiebe(Shethat @dn ,bd989dhieBedAsighresul t of
this process the frequency of tosi nes and, guanosi nes i s bel ow the
expect ed ?Fa‘ik?eslﬁ%d‘fn "H?é'%le?i'i}b‘iﬁ?%/ L aH s %tgﬁ%%x%ﬁﬂsﬂﬂ%nproporti on of
CpG dinucleotides i's even only about 20% of the frequency to be expected
(Bird, 1980; Sved et al., 1990; Takai et al., 2002). CpGislands form an
exception to. this unusual distribution of CpG dinucl eotides (Antequera et

al ., 199 r.'“fp@‘f%l ands are nostly located in the vicinity of pronoters,
and may extend into the transcribed region or even lie within exons.

Kot
CpG dinucleotides occupy an important position in the

genome of eukaryotes. They are not randomly distributed
like other dinucleotides, but instead are under-
represented over wide stretches of the genome. In
addition CpG dinucleotides in these regions are generally

methylated.

An exception to this are regions that have a very much
higher density of CpG dinucleotides, and which on account
of these properties are termed CpG islands. A

characteristic property of these CpG islands and a

)

further difference with respect to the CpG dinucleotides
is the fact that the CpG dinucleotides in the islands are

as a rule not present in methylated form.

The under-representation of CpG dinucleotides is
explained by a chemical modification of the corresponding
nucleotides. In the genome of vertebrates about 60-390% of
the cytosines in CpG dinucleotides are present in
methylated form and these methylated cytosines are often

modified by deamination to thymines (Shen et al., 1994).



i U

They are characterised by an approximately ten-tinmes higher CpG frequency
(ca. 60-700 C+G content) conpared to average gene regions, and are
characterised especially by the fact Bhat as a rule they contain
non-net hyl ated CpGs (Wse et al., 1999). About 60% of all human genes,
especially all housekeepi ng genes and approxi mately half of tissue-specific

genes ar e as300iatad W RIGHC halands c (AN AR Ploflcy 4993 Larsen et

al ., 1992). CpG islands have been described and defined inter alia in the
publ i cati emsl lguaGarsdineess -iGardelrwWthe RramaeredM (0979t dcal Mol . Bio.. 196,

261- 282 an akai .D. & Janes. P. A, (.20 P 99, 3740-3745. Since various
dof 1 nit1 ond s or MDA Ot A A D aRE T 1Th B oent

i nventi on didepGdsiand is defi ned padald s ot Gz i standenopnsi ses a
sequence of at |east 500 successive base pairs with a (%)G content of at

| east 55%En@xPaffad efirdf 1HGiualS @ 9t exbect WP GpoTakahteteast 0. 65,
and it isalass | )ed with a pronoter (overl apped wholely or partly by a
pronoter). 4’ I's ‘unequal distribution and nodification of CpG

di nucl eotides, i) under-represented and nmethylated on the one hand, and ii)
concentrated and unnethylated in islands on the other hand, has an

i npor t ant t.rol i | - l.at i,an. of ne expression
(illust rat@?di%&rné{%fgﬁdy%%g%%%)% &%%iun%{%%?i des are involved in
the regul atiisgrridfuttine agerip@xjiressient ideeafAntapretopaent al, st ages, in

connecti o ith cell differentiation, netic (nprinting, and other
procedur_eg.gvgﬁ?)l'arc“(j"laG Htﬁ“ﬁt?é}é%fa%std?ﬁsé_slﬁ;socas H ei‘%%ﬂkﬁ?%o‘fgs, t he
met hyl at i gy ot P Ring WP EBUI A (Mm@ ham S Frapessideffect on the
gene expression in vertebrates and flowering plants (Hsieh, 1994; Kudo,

™98; Jonesregt ldle witd0igy Demgset al., 2001; Hisano et al., 2003 Li et al.,
2004) (Fig. 1A).

They are characterised by an approximately ten-times
higher CpG frequency (ca. 60-70% C+G content) compared to
average gene regions, and are characterised especially by
the fact that as a rule they contain non-methylated CpGs
(Wise et al., 1999). About 60% of all human genes,
especially all housekeeping genes and approximately half
of tissue-specific genes are associated with CpG islands
(Antequera et al., 1993; Larsen et al., 1992). CpG

e islands have been described and defined inter alia in the
publications by Gardiner-Garden M. & Frommer M (1997) J.
Mol. Bio.. 196, 261-282 and Takai D. & Jones P.A. (2002)
PNAS 99, 3740-3745. Since various definitions exist in
the prior art, for the purposes of the present invention
a CpG island is defined as follows: a CpG island
comprises a sequence of at least 500 successive base
pairs with a CpG content of at least 55% and a quotient
of (actual CpG / expected CpG) of at least 0.65, and it
is associated with a promoter (overlapped wholely or

partly by a promoter).



Al so, in tunmour research there are nunerous data that prove that, i) the
swtching off of the expression of certain genes, often suppressor genes,
is caused by a hypernethylation of Cp& (Li et al., 2004; Kang et al.,
2004; lvanova et al., 2004; Wi et al., 2003), but also that, ii) the
uncontrol | ed expression of other genes is associated with a hyponethyl ation
(Akiyama ethiad .uneZQ3 doshisla #n and rg&@ﬁﬁiczﬂ%rﬁ)r@ﬁeﬁGOf gene sw tching
off by methylation is explained by a cascade of events ich finally |ead
to a charfgéustladieldgs onpl iR URRIESeNEErRd dag'deybatedadscEndt | on- weak

state. Th t ti f. 5" - ' i i i 1. nes generates a
potenti al %br{gﬁﬁgaa’ 5 e%flo)r Cp(?o erﬁnr%%én%%igﬁéﬂ%rxﬁ%ﬁf%m the famly of
MeCP (et hyl-sGpls imditg quiodeing)d artce VB (ImgpdwytarfBpGdnt boéndi ng donai n
protein) proteins), which bind nethylated DNA sequences, and at the sane
time assodiUl 1At hhi eI HHCRY | s < NBTR HIRE L 3H ¢ anscri pt i onal

r edr essor (iquqltseg e(dJCHEL rnn?zltical ;1 Nagy et Ia)l ., 1998; Hendrich et al.,

1998). These conplexes involve as a rule a restructuring of the chromatin,
which leads to a switching off of the transcription activity (Wade et al.,
1999). The nethylation in pronoter regions may also lead directly to a

swi tchi ng fd £fhJddiegene expressi-amvdy i prayentdde 4heohi Hei pge of
essential transcription factors due to the introduced nethyl groups (Deng

et al., 20%he exfhesshiove idestati Bedleier bgphentiah sfagdhe, ekpression in
tumour cells is generally c ect with an alteration of the nethylation
State i n RSBV IACCT] B One | a1 ards AL 16 ot Che I LERT Vapy
expressed gRNe r© gRsdddurSSSOd at Sy AilnKPS & 5| anelgi e whhgd are not, or
are only slightly, nmethylated (Fig. 1B). The nethylation of the CpG

dirnucl eot isde' Tl rihaesn isimdeotend the aneW i b hep of F50fPEhe expressi on of
these gen%ﬁj&fgfégkféggnqupG) has a repressing effect on the gene

expression in vertebrates and flowering plants (Hsieh,
19%4; Kudo, 1998; Jones et al., 1998; Deng et al.,
2001; Hisano et al., 2003 Li et al., 2004) (Fig. 1A).

Also, in tumour research there are numerous data that
prove that, i) the switching off of the expression of
certain genes, often suppressor genes, 1s caused by a
hypermethylation of CpGs (Li et al., 2004; Kang et al.,
2004; 1Ivanova et al., 2004; Wu et al., 2003), but also

)

that, 1i) the uncontrolled expression of other genes 1is
associated with a hypomethylation (Akiyama et al., 2003;
Yoshida et al., 2003).

The process of gene switching off by methylation is
explained by a cascade of events which finally lead to a
change of the chromatin structure, which creates a
transcription-weak state. The methylation of 5’-CpG-3’
dinucleotides within genes generates a potential binding
site for protein complexes (primarily from the family of

MeCP (methyl-CpG-binding proteins) and MBD (methyl-CpG



suppressor genes or cell cycle regulator genes) (Fig. 1C), and as a result
| eads to an uncontrolled nmultiplicatign of these cells. Conversely, genes
that are inactive due to a nethylation of the CpG dinucleotides in CpG

islands are activated by a denethylation. The aforedescri bed denet hyl ati on
in CpGislands | eads, through an alteration of the chromatin structure, to
a transcriiiptdiory atnade grate anal pgousin®) gevelclwibthd methbyiatadt he case
of a net hyd tion, In addi tcgeor%tt(;n structural alterat%ons.é}bqﬁ_e Jg‘aﬁ al so be
an activattoh BIIVTHE 2xPtesst o qu o adtT vat o hr bt ef hs” FhetRifran CpG 6
bi ndi ng prayaidt (IHERP) (MBD-HIAT B £ed | th@is @eipvasRil PE@E€EHor HCABP bi nds

specifically to non-nethylated CpoG dinucleotides in the region of
pronot er s PifHeridsas(Fonas isaxt ivat 981t Namdsttdlan 1%2%ease in

transcri pt .e%ri(c oo, et Al . ,192%0.). ﬂéggré@“eéf koow edge t at_ a net hyl at i on

of the Cp sequences w t’hin a ‘gene regula he transcription downwards
has been usdd to eyt dhien ex@pf esisé octhdmat igenehidiatlésdei tbea
over - expressed, or whose expression 1is undesired, by nethylation (Choi et

y

al ., 2004;SWidgheing L1 SooFe (rangsyralgn actbrther (Updei @&t fodn  of this
knowl edge igndihe @Aty Bl MDAl A oo SUFN R el eotbdesela or der to
i nprove gene expression (Chevalier-Nariette et al., 200%). Due to an
el i m nati alimzeatethWatd cywianth irag sotf ab£dthe heerai ¢hprasshamgebpf t he
chromatin structure toqa transcription-inaciive state, . is |iLkew se
prevent ed R EAHIY M5 RS BUGRT T ITH r%r?%s?ﬁ%/%‘%%?%aﬁﬂt?ﬁ@
expressi o f @ tansganehddy st &Pl nusd £Qt belea 1conpgpis. i n .
operative coupling with a pronoter that"is |located within a CpGisland, in
ermline cells and the enbryos of transgenic nmice formed therefrom In
thnis

The above described deregulation of the expression in

tumour cells is generally connected with an alteration of
the methylation state in the above described CpG islands.
In normal cells actively expressed genes are mostly
associated with CpG islands, which are not, or are only
slightly, methylated (Fig. 1B). The methylation of the
CpG dinucleotides in these islands lead to a switching
off of the expression of these genes (often tumour
suppressor genes or cell cycle regulator genes) (Fig.

1C), and as a result leads to an uncontrolled

3

- multiplication of these cells. Conversely, genes that
are inactive due to a methylation of the CpG
dinucleotides in CpG islands are activated by a

demethylation.

The aforedescribed demethylation in CpG islands leads,
through an alteration of the chromatin structure, to a
transcription-active state analogous to gene switching
off in the case of a methylation. In addition to
structural alterations there may also be an activation of

the expression due to activator proteins. The human CpG-



special case a transcriptional switching off of a reporter gene was
prevented by the elimnation of CpG dinucleotides (Fig. 1D transgene

wi thout CpG, as is otherwi se to be e§pect ed by a de novo nethyl ation of
exi sting CpG dinucl eotides during enbryo devel opnment (Fig. 1D, transgene
CpG high). A nore detailed investigation of the nechanismin the
publicati (brinlol;ingClpem&leiie:r (MEOGESt)t assrmwed a Ml]ldﬂeamraeycarnamr of the gene

expression i s conne th a met of the 7 trage

di nucl eot PFESE1&s wgllcﬁ; &‘51}/%(1& t49 aPQ;IUH%ee ?/éo%%%r ring

net hyl at i @rin@fclte%%mrérsomt %ea it %ﬁt ERGricHads ifd & AP s transgene CpG
hi gh). For a reporter gene that did not have t hese i ntragenic CpG

di nucl eot itcr@@samiﬁflaé;tor\/\/é§ rl@ta@ftmaéntmcr@qw dys doranacmiast sttown t hat t he
CpG islan S g%l st ed (Fig. 1D, transgene wthout CpG. The authors
t her ef or e ‘¢omcl§ d@aZ ‘th Oor a lasting in vivo expression, the CpG

di nucl eoti de content nust be reduced in the immediate vicinity of the
pronoter and of the CpG island. An increase in gene expression may

simlarl qu_%h%%Ql e\é%% kpl%w @%[ e”tt%%r atl %tqy%ggoe%%% IC(SI%: .nds_ 5" of a

pronoter I'n correspondl ng vector constru Fig. 1B). In

the i dentiskit@hices ofi th@EBR, Gpe rdigulcient ittes wenesddkesisae | ntegrat ed
into the corresponding pronoter region of a reporter gene and an increase
in report SOVAEETFESt yagaorSund e it IS et &l SPRTIIuIurd tests

however t he ACERER t"‘@% cilth@W & QUeIAEXressed, ang, yas éz)gﬁfejeéﬂ&u present in

non- physi‘ol ogi cal raised concentrations (Voo, et al., is al ready
known t hatist hmd@/s@rednt eyt medad vara t i ue?t’rma emn ahe MRNA st lety. Thus,

for exanpl ezang (.2003) show that the expression of three
di'f f er ent a\ezlar'i[)éﬂbé fh 3@%‘ in CHO cel I's

A further application of this knowledge is the targeted
elimination of such CpG dinucleotides in order to improve
gene expression (Chevalier-Mariette et al., 2003). Due
to an elimination a methylation and, associated
therewith, a change of the chromatin structure to a
transcfiption—inactive state, is likewise prevented (Fig.
1D). In this publication there is investigated the
expression of a transgene with various CpG dinucleotide
. contents in operative coupling with a promoter that is
located within a CpG island, in germ line cells and the
embryos of transgenic mice formed therefrom. In this
special case a transcriptional switching off of a
reporter gene was prevented by the elimination of CpG
dinucleotides (Fig. 1D transgene without CpG), as is
otherwise to be expected by a de novo methylation of
existing CpG dinucleotides during embryo development
(Fig. 1D, transgene CpG high). A more detailed
investigation of the mechanism in the publication by
Chevalier-Mariette showed that the prevention of the gene

expression is connected with a methylation of the



consequently leads to differences in the nRNA concentration. In the first
vari ant the human gene sequence had been altered so that the nunber of TG
di nucl eoti des was naxi m sed. In a secohd variant on the other hand, the
nunber of T/ A dinucl eotides had been maxi m sed. The differences in the
steady-state level, 8 i.e. in the anount of nRNA, could be attributed

experi mentalhyq taid Cher ences i chile Hr eakdewn ofs they iy @gccount of a
stabilisation of the secondary structure with a raised G cont'ent,
‘correspondiiiy ARNADsequens livessostnrdngl yetbhokert idoweft Hdre wi | d type, and
correspondig%l TLé%ricqat t%l%r%$qudomnjkp much hiq%g degree

t han mﬁldpfypg.eﬁn aﬁngsi was not oEaT i 'éd Fout dt ﬁ%?ﬁﬁ%ﬂ%ﬂ evel, and
al so no i ReyBase For Pr ekpoktproduel emhaduelilo nt imereagenf the CpG

di nucl eoti des was to be expected, since a stabilisation of the secondary

struct ur e 1B TEHEPHRNAPRe fariuFdiop t1ider garcédathe'as aedl affdeiapmyet al.
di scl ose BxpeAeaas 9t thag b, @%%tg%;}k%c;gge .i(‘s%l%g) %%tdéefﬂo%ed expression in

manmal i an ¢ Specific increase o di nuc S 1s not disclosed.
The obj ecineg@hyllbe@ednu@riyi.on Dyas raospreone e thomet opd )f.or THheaddiges ed
nmodul ati on_of the gene expression that at _ | east partly avoids the

di sadvant &§8<eéPreh&oprilaesy thatynite ToBj d@sS i dcl &4t by a method for the

targeted eg:i%‘}‘é!s%&ioﬂr,‘ ]EEfnéat Gg%ifl%u%’il%f"c%ﬁeo.’&gn‘%%rﬂ{r I&id1g Béggrecfxpééc?""i ng

steps: i ovision o target nucleic acid sequence to expressed, ii.
Modi fi cat iiantok ttheetaeget viudneity adi dhseguenmceer iamdvithheheCpminber of
CpG di nucl.eqtides present in the target nucleic acid sequence is raised
usi ng thésgéﬁ neracy of the genetic code to increase the gene expression,
or is lowered to reduce the gene

An increase in gene expression may similarly be achieved
by the integration of complete CpG islands 5’ of a
promoter in corresponding vector constructs (WO 02081677)
(cf. Fig. 1B). 1In the identification of hCGBP, CpG
dinucleotides were likewise integrated into the
corresponding promoter region of a reporter gene and an
increase in reporter activity was found. In these
transient cell culture tests however the hCGBP was
likewise over-expressed and was therefore present in non-

physiological raised concentrations (Voo, et al., 2000).

It is already known that the C/G content has an influence
on the mRNA stability. Thus, for example, Duan and
Antezana (2003) show that the expression of three
different variants of a human gene in CHO cells
consequently leads to differences in the mRNA
concentration. In the first variant the human gene
sequence had been altered so that the number of C/G
dinucleotides was maximised. 1In a second variant on the
other hand, the number of T/A dinucleotides had been

maximised. The differences in the steady-state level,



expression, 9 iii. Coning of the thereby nodified target nucleic acid
sequence with a nodified nunber of the CpG dinucleotides in a suitable
expression vector in operative couplifig with a suitable transcription
control sequence, iv. Expression of the nodified target nucleic acid
sequence in a suitable expression system It was extrenely surprisingly
found t hati,. ewhem udiengromt et hdRN20f dchd droes exttt rnirbwardd on, exactly the

opposite effect can_he achigv t han woul d _have beep expected according to
P Rnowl ed§EPEEMREtAIGr o (L FAE e T (8 PHRATRA S SHotHOY of ¢ he
present i pg@nti odn R:cdu@itSio & ke apinieya taforCrf dinudeaddgas, in a target
nucl ei ¢ aci d sequence the expression of this target nucleic acid sequence

can be raisse@icturer edd by redwEich§/ G venieier fr eEGAidiued editNAfes in the
target nucleic ci d.sequence its _expression i s prevented, The increase in
t he nurrber%“%i’e 8:5 sdisgﬁsc?l%goili é:s?]ﬁeﬁlt Oé"%r Zcéjcﬁnnduflr(%ec epes’hoaurf%, according to
t he i nventdodite speindiec@guat/ed rtieH RRNAN W@ Giddke rofdarCp isImnsh The
increase of the CpG dinucleotides in the reading frane differs by

def i ni ti oR1dheEMORIGSS it F 1 IFud YRS - ) A FESSiAIS AR Pase nunber

(<500) andgiis d & ADIENGH O At AYENIARA NG Lh 4160 RLATRLEL, QI on. The
expressi on system nay on the-one “hand e 4 cel , _or on the other hand a
cel | -freepsydtedm @rdductitoro dsyestteman Amunelearey atfi cchoy @ukar yoti ¢ expressi on
system may, be _used,, K though a eukaryotic expression systemis preferably
enpl oyed. SSHUCHFIOL 1665 &5 §? SFtFRETHRIuFd e g 2 sﬂ%l?éj\e]rlisaéitjc%rP |'s, insect

cells, e.gr BRQUISQUIE r &SRR HAR SYSIEI mrN R dSivdpsophi | a- Schnei der
10 cells, plant cells, yeasts, e.g. Saccharonyces
gw influences the translation.

Deml et al. disclose a sequence of the HIV-I Gag gene for
codon-optimised expression in mammalian cells. A

specific increase of CpG dinucleotides is not disclosed.

The object of the invention was to provide a method for
the targeted modulation of the gene expression that at

least partly avoids the disadvantages of the prior art.

3

This object is achieved by a method for the targeted
modulation of the gene expression, comprising the

following steps:

i. Provision of a target nucleic acid sequence to be
expressed,
ii. Modification of the target nucleic acid sequence,

in which the number of CpG dinucleotides present in
the target nucleic acid sequence is raised using
the degeneracy of the genetic code to increase the
gene expression, or is lowered to reduce the gene

expression,



Cerevi siae, Pichia angusta, Pichia pastoris and the like; as well as also
al gae, e.g. Chlanydononas. Exanples of possible plant expression systens

i ncl ude Arabidopsis thaliana, Zea may% (corn), Nicotiana tobacco (tobacco),
Oryza sativa (rice), Hordeumvulgare (barley), dicine max (soya), Brassica
sp. (cabbage) and the like. Preferably vertebrate cells are used, in

particul ariimanabhafgcelfl $sheespeciedh moFaR L elargeti RuRAktiCUAy somatic
cells and no germline cells. Particularly preferably the expression system
is a system or &c@upncewwtifhaal BRdiéved aumperhyifattibénCrG e. substantially

no de " novo met hylathn,kakes Bl 808u; Qe LRl Mand sl (gl so possi bl e
to use this nmethod Tor the production of ~transgeni ¢ non-human organi sns, in
particul ar pl anbpeandiveniceablingheiphesenrtuiitabant iteaniskud ptaloat es in
particular to a nethod for the targeted alteration of the |evel of
expression of aCPRaRSer BFEUSREFor for the targeted alteration of protein
production, in particular in eukaryqtic cells. The nethod i s characterised

by rmodif idat i o $PEESERETy AdIERG FPEHE 16 13BRATs&YGERdE B61%e transcri bed.

The nodi ficatioasqfehake ih0aa sVakhhkoR xfrolhe oir @patthon of GG
di nucl eoti des, whi'ch correlate with a change of the level of expression.

The technol ogy of artificial gene synthesis enables any arbitrary
nucl eoti de sequence chosen fromthese possibilities to be synthesised. By

varying mati f8s WikihiehetiRe st ihediyoF Rind tIRRe \Whiceh Waaelate with 11
the | evel of expression, the protein production can with thi's technology be
modul at edMmeh@dt @fgéhed pressat Byvend 1oghoics@ il vt Héec @presyidedi ng

il LB SIBMENER i ORI R SIRIL JONRILE O,
according to a knowledge of the prior art. This means
that, with the method of the present invention, by
raising the number of CpG dinucleotides in a target
nucleic acid sequence the expression of this target
nucleic acid sequence can be raised, whereas by reducing
the number of CpG dinucleotides in the target nucleic
acid sequence its expression is prevented. The increase
in the number of CpG dinucleotides in the reading frame
should, according to the invention, not be equated to the
introduction of a CpG island. The increase of the CpG
dinucleotides in the reading frame differs by definition
et from a CpG island, due to 1) a possible lower base number
(<500) and ii) the absence of an overlapping with the

promoter region.

The expression system may on the one hand be a cell, or
on the other hand a cell-free system or in vitro system.
A prokaryotic or eukaryotic expression system may be
used, though a eukaryotic expression system is preferably
employed. Suitable expression systems include e.g.
bacterial cells, insect cells, e.g. Baculovirus

expression systems, SF9 cells, Drosophila-Schneider



the |l evel of expression. It was surprisingly found that, in contrast to the
general ly accepted opinion, the introduction of CoG dinucleotides in the
way and manner according to the inveAfion |eads to an increase of the gene
expression instead of to a reduction of the expression. Conversely, the
elimnation of CpGs leads to a reduction of the gene expression. The term
"gene expceiisponplanthcalihe geateéxt ef gth&acphesentyciesventi on includes both
transcription as well _as_ . translation ig%d in particular this_termis

| .
under st 00HSE8V1FhRFudBIFPéRePRIBFEAuc ELGRIATRESEOEAENGES &t R Kfiicl ei ¢ aci d

l'evel are,knie0dugedasiwbt BhgakhesgopenabntRemRhasent ekakenkison or ef erably
by the production of an artificial gene by de novo gene "synthesis, in

whi ch t hepasehnblacpdastqasnceskopnwisivshetise incdndes poadiingrgése codes
preferablﬁhrgnains Enchan ed., De nov .gene s n%hgsis nqih?gs are known to

t he -per soh " 2SkPPRedFR PRESarEOrR t i d“PEeRE® THEAG Perl&PPENCSY 'the CpG
content iserpreferabky cancked gutdBymsivueghrBUl@kiraRy ), 0G1hyimet ations that
do not destroy the activity of the gene product. The nodified target

nucl ei c aBpHd dequehceBrampaycaaspst dce@bipget hanexahgl éike produced for
exanpl e EE??&EQBQgOQ%gQBBEE%Qtb@%ﬁsb¥ a %%%@“‘iﬁ gggtREul%Q the 12 case of
al g ynt hesr's, may o

conventi on ene € ordere pecialist suppliers (e.g.
Ceneart GuhiimaQiageneAGk, eSpephibdilgghymahhec@ipr,essi parafictin@rcorrespondi ng
gene can be negatively influenced (smaller nunber of CpG _or positively

i nfl uence8°TPhéFe&8édSnaRBeR o CPG) 1B C&dilfabl F2&hd6¥IAG lhe nunber of  CpG
di nucl eotjdeze and, WRY €YBDEXGBRI LR AXRLESSLORCEAl 65 Lhak gan be

achieved "wth a codon-optinised gen expressi on may unexpectedly even
pe rai sedwitht helbncilessé pfi meéhylatiéon,ofi .€pGsdibstienedbildys nbakies pl ace at
the expense of th

novo metﬁylation takes place. On the other hand it is

also possible to use this method for the production of

transgenic non-human organisms, in particular plants and

animals.

The present invention thus relates in particular to a
method for the targeted alteration of the level of
expression of a transcript and/or for the targeted
alteration of protein production, in particular in
eukaryotic cells. The method is characterised by

;J modifications of the reading frame of a DNA sequence to

‘be transcribed.

The modifications relate to a variation of the proportion
of CpG dinucleotides, which correlate with a change of

the level of expression.

The technology of artificial gene synthesis enables any
arbitrary nucleotide sequence chosen from these
possibilities to be synthesised. By varying motifs

within the coding region of a gene which correlate with
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RNA and codon optim sation. Preferably no CpGislands are introduced in the
nodi fi cation of the target nucleic acid sequence, and preferably the

nmodi fied target nucleic acid sequencellis not associated with CpG i sl ands.

By way of delimtation as regards the defined CpG islands, whose influence
on the expression operates according to the all-or-none principle, in the

present i RRNtIBR R oAU LRl d Ot | %ﬁ@gﬁ%@@iﬂﬁ@fb&@@ti@ﬂe&aﬁ’fw@ﬁﬁreSSi on
and the nunmber of CpG di'nucl eotides. For the expression of genes these

modi fi cat itonss dreechrprled @y dift yndditkaicrd eth so tdege e’ nadedr apnbhaci d
sequence i, ol alg aned. 40 JA0e 1468l GASE. A0l de Lhe, el o oy el d, sequence

of a correspon g gene s ence i of "expressron. Since the
genetic aote dcptegenertsd eyrddaite isvéiel posspdiditycléotidesspeeefic am no
aci d sequence, of choosing a plurality of correspondi ng nucleic acid

sequences 1P RARL &F &fel FHRR &t TR s hEGERAs® ther¢Ft hbrtbuereser Phed
met hods, 1),d hes£gion &g&ig@sifc% the transcript should be nodified,
n

whereby this method can be used 13 independently of vectors and other gene
technol ogy conditions, and 2) for an increase in the |evel of expression
t he nunber of CpG di nucl eotides should be raised. The additionally

i ntroducedCRGS: aferd M ISPy CONNRE L 194k Nofy Nt byl aded. o Prglerably the
nunber of CpG dinucleotides conpared to the sequence of the target nucleic

aci d sequanrenal e aesqutesderbisi omeridas ethiorodedtuben, oflepe®di ng on t he
desired | eyel of expressio by at least 2 referably at Jeast 3, nore
pr ef er abl fjé}uqcﬁeea%l%‘?s st hefm"?%y arﬂ f%%%?@ %‘fc?]é‘gjs%/gSFOy%?enore
preferabl yi raferdtgiast ldhds emeeioiecEeierabl yhdygate | €astedSioand up to 20
or nore, especially by 30-50 or even up to 100 or nore, depending on the

réngth of et qash Huad giedueiipn of the expression. Conversely,
the elimination of CpGs leads to a reduction of the gene

expression.

The term “gene expression” within the context of the
present invention includes both transcription as well as
translation, and in particular this term is understood to

include protein production.

These changes at the nucleic acid level are introduced
within the scope of the present invention preferably by
the production of an artificial gene by de novo gene
synthesis, in which the amino acid seguence for which the
corresponding gene codes preferably remains unchanged.

De novo gene synthesis methods are known to the person
skilled in the art in this field. The alteration of the
CpG content is preferably carried out by silent mutations
or by mutations that do not destroy the activity of the
gene product. The modified target nucleic acid segquences
may, as stated in the example, be produced for example

from long oligonucleotides by a stepwise PCR or, in the



sequence to be expressed. Preferably the nunber of CpG dinucl eotides
conpared to the sequence of the target nucleic acid to be expressed 1is
rai sed by at |east 10% preferably at lZzast 20% nore preferably at |east
50% particularly preferably at |east 100% and especially at |eas-L.200%
or by a factor of 5 or 10. If CpGs are elimnated, it is preferred to

el | m nat e alde PEha A DS I pARC W | hidy (e 559080l chbe  genetic
a

code. However, fewer CpGs can so be elimnated, for exanple 10% 50% or
75% in wiRsticdset tvwrdldiatihatd oh digngrtegendd ddltaden d&Sl red | evel of
expression. 14 Wthin the scope of the present invention it has
surprisingly been found that increasing or reducing the nunber of CpG

di nucl eoti des permits a stepw se nodul ation of the gene expression. A dose
ef fect wa®WRPSSIHG y CRobSERARE ST Lhedis thate PRI I Evel I9he gene

expressi o C j 4 Byeqt Aaddi 1 iy nat i e or fewer
CpG di nucl%éac?t ?%e%%g%gdlﬁlggdlgyfr%e% oned%éﬁhloésr g%%@%taeégﬂcd‘g%)r g?%r red to
make use gfodihd vddgenerfdayerafed hel geredsed cogdebao dhatpGprieferably the

maxi num nunber G dinucleotides is jintroduced or e|limnated wthout

f
havi ng t o AP th& AR ddi BERIN G JfPT HE T et HdeF ei @2%ci d sequence

to be expressefrenl & JBRH MHB UL s Of o DG 1l HUS L0t e She T Qe 84T 0duced
is preferabl'y limted by the variation possibilities of the degenerated

codon of aipgrtedetcmdrment i ged apgnk sediehcesxp@s shen ovdegr hand, if desired
t he nunber_ of %%ﬁ% inuecleeoti des may, be_increased still féxlgthelr1 even if the
correspondjlr}‘? B Ci c}’specﬁiaerfcaelﬁ 5 t]t‘r'%r %/ AT tHh "Rl %%%5 care
shoul d befdfa 3 rensWE: itdd ddiess fpmedd i ofnd hexpepsd der oknhprotein is
not interfere
ha RNA and codon optimisation. Preferably no CpG islands

are introduced in the modification of the target nucleic

acid sequence, and preferably the modified target nucleic

acid sequence is not associated with CpG islands. By way

of delimitation as regards the defined CpG islands, whose

influence on the expression operates according to the

all-or-none principle, in the present invention a

correlation is found between the level of expression and

the number of CpG dinucleotides.

For the expression of genes these modifications are
preferably introduced so that the coded amino acid
sequence is not altered. 1In the ideal case only the
nucleic acid sequence of a corresponding gene should
influence its level of expression. Since the genetic
code is degenerate, there is the possibility, for a
specific amino acid sequence, of choosing a plurality of

corresponding nucleic acid seqguences.

By way of delimitation as regards the hitherto described
methods, 1) the region coding for the transcript should

be modified, whereby this method can be used
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wi th. The CpG dinucl eoti des may, depending on the type of degeneracy of the
genetic code, be renoved or added wthin a codon or also overlapping a
codon. In addition to the change in tHe nunber of CpG dinucleotides in the
target nucleic acid to be expressed, the latter may be changed further at
the nucleic acid 15 |evel depending on the desired degree of gene

expr essi oindelderiden tdxargd &cutdrcraad otiie germexpyaasslosgy s ai med for,

t hen the nunmber of CpG dinucleotides is preferably raised in such a way
that, due GBS r GFctd)of B 2T T2 HE i Hife 1 8ots et no

di sadvant ageus Sife¢hs Rafldr S _(?‘Sd:ﬂcrﬂ{cl?@é;ﬂﬁees D& & nangl y expressed

secondary structures of the nRNA, i ch coul ve a disadvantageous effect
on the tranmdlsad.on Ther afdaitthema lnpt iifrst tdvhtcasblpbnegat i Melthisf | uence t he
expression, e.q.. RNA instabil.t tifs, splice-activating notifs,

endonucl e§§émleé:%c}é’ﬁ’i tnio&nmﬁtgé'g,agfr‘fgot he like. On the other hand it is of
course al so possible, if the nunber of CpG dinucleotides is decreased in
order to reduce the gene expression, to elimnate the CpG dinucl eoti des

speci fical t Qse.sites . whic fter. alteration of the nucleic acid
sequence, le%é%rtaoque& ingléﬂqeyr tcﬁees%é rr% I}L%%l.eo,%ctgaclloens; THE S ch%ur se al so

possi bl e améd alesmaif &/ @the taraddididme 1 ddid easfushe¥ tedsgi ng t he
nunber of CpG dinucleotides, npreover to carry out a nucleic acid
opti mi sat iSRrefFachdss dindied aatk Yere BGRGs RIS NHrdhdi® or i nhi bited,
or is redused Jugh.ontige sations ane ageardinaly the jnsertden, or removal
of noti fslét%hatrecan In uencgﬁt e gler{)e' expressi on, 'orES exarrp%kge)ﬂéecondary
struct ur e-1staalyi 13,5 ineg es eqpuefiecesy 1 v raagi lossss i §,h gtai Kedneasd f - honol ogy, regi ons
with raised homplogy with respect to the natural gene, RNA
e prefegg%l;ngt least B, yet more pre%grabfb at least 10,

even more preferably by at least 15, and up to 20 or

more, especially by 30-50 or even up to 100 or more,

depending on the length of the target nucleic acid

sequence to be expressed.

Preferably the number of CpG dinucleotides compared to
the sequence of the target nucleic acid to be expressed
is raised by at least 10%, preferably at least 20%, more
preferably at least 50%, particularly preferably at least
100%, and especially at least 200%, or by a factor of 5

- or 10.

If CpGs are eliminated, it is preferred to eliminate all
CpGs that can be eliminated within the scope of the
genetic code. However, fewer CpGs can also be
eliminated, for example 10%, 50% or 75%, in which case
the elimination again depends on the desired level of

expression.



instability nmotifs, splice-activating notifs, polyadenylation notifs,

adeni ne-ri ch sequence steps, endonuclease recognition sites and the |iKke.
Yet a further possible way of optimi ddtion consists in 16 optimising in
each case the codon choice for the desired expression system This means
that, within the scope of the present invention, the expression may al so be
rai sed or Wigticedhel scope additthieomp e dartte iinveerttiicoon iaf HgEG di nucl eot i des,

t he codon choice.is_optimsed or de worse. Expression- optim.sed

Const r uot SCIEEGRATRG It GoFRe HONEN IO Cdif 15 S 15t o e T LR e by

choosi ng theneeder dibat HibkdieRt il L LME tSAP ASdl dNenRKPrsd PN system
that is used. Preferably the eukaryotic expression systemis a mnmamalian
system piodf dhgblogng ke ssyionem APcefser &fifiectt ersefsorme nimssl rapldon

optim sati %ei%eggtcggd t%It%% g%%_n k&ﬁq{gp]pﬁj uman genes. Preferably in
this conn€CtTdn d6n "ERESc &S JEE AR i1 RS FYRYUEHIYS or next to
most frequent by espheyed by raETRIdARiee] ot (Ausibeltietin & moddM), in
order to ensure a general stabilisation of the RNA and an opti mal codon
choi ce. StieMernbpé dinerdeabii@est-he nucl eic acid sequence is nodified for an
opti mal expression by using the gene optimser technology (DE 102 60 805.9
or PCT/EP03/14850). 1In contrast to the codon optim sation, "poor" codons
sel dom used bﬁéﬁhe expressi on system nmay however al so be enployed in order

to incread® FHESREMELTSL S, ditnddl E5I9TES-S 130 RF STAHSE dcording to the
i nvent i on A het &0l 9geus dAgel AEI BT G 1AS L RRqUENSeIdTRY, ahsa: be used. The

expression "heterol ogous target nucleic acid sequence"” refers to the origin
of the tapgetfemadlei ¢hacind xsdauumremeebeand fi €ptheliorigjievtafdeshel £xpr essi on

aystem Preferably  Lershons, e LAnget, el eig, asl 4 Aequenge and the
amino acid sequence of the target nucleic acid sequence
to be expressed. The maximum number of CpG dinucleotides
to be introduced is preferably limited by the variation
possibilities of the degenerated codon of a predetermined

amino acid sequence.

On the other hand, if desired the number of CpG
dinucleotides may be increased still further, even if the
corresponding amino acid sequence is thereby altered. 1In

this case care should be taken to ensure that the

[y

function of the peptide or protein is not interfered

with.

The CpG dinucleotides may, depending on the type of
degeneracy of the genetic code, be removed or added

within a codon or also overlapping a codon.

In addition to the change in the number of CpG
dinucleotides in the target nucleic acid to be expressed,

the latter may be changed further at the nucleic acid



17 expression system are heterol ogous to one another, i.e. they are
derived either fromdifferent species and/or the codon choice of the
wil d-type target nucleic acid sequente is a different sequence to that of
the expression system The term "heterol ogous” within the context of the
invention thus also includes differences wth respect to the codon choi ce.
The codonletwl ceéepeetibh@soh hehpretéeired d¢odoacusaggeher eaprrespechi.ve

species, within the scope of the degeneracy of the  genetic code. As
expr essi oht vESY 0P *2RRte ARyl PerEled aRyIehft ahPECSEekpRressi BATPEct or. Such a

vector iseprefenabl ynsuhtabbe ofOFpEXRILSE1 08t BeBUKAT ¥PEEE GBh LS. The
nodi fied target nucleic acid sequence to be expressed i1s cloned into the

vector sorahetdiinisucim apezatthatcodpei hg whehintrediitabbe bifanscription
control sgquence an pssibly .further regulator elements. A suitable
oromoter  FURTORE (9 SFERGFeNstCoReTe i DR FARBEREI &L ERAY She such a
transcri pbt@ir COBLER! a SEHYLNERamEPASHO LUt bV ebYgagt E¥grREQBBt ers are

preferably selected from but not restricted to, (Cyt onegal ovi rus)
pronot er @ECBEAF ANSrvgEuRes (S/4Dhe MREKei vhéchr eaBidr Bavenal ude, but

however af, Lcle tefr clin: ent._p ts. The person
skilled i%f%%%é%ﬁfgéééﬁéaggﬁ %tmﬁ%hgﬁ¥ g%%“%????@ﬁrtéroggggﬁgéting further
sui t abl e peOIDE et Ba tepentid nge ot i MELAPPhETathos, tRegexpakseiphonot ers of
cellular origin. In this connection, in Erinciple any induci bl e pronoter

system t hat9i sRRBoWRSTAPE hetpriefibpt PBLLGPTABFEVAFBRI BREASFe, a natural
"nduci bl e 8y T80T Savel | B OTRr TOR TLTEr offosyaten) SFur PRor S e, an
inhduci bl eothér ahapdoidt s chychonsgealabspobsibided. if the number

of CpG dinucleotides is decreased in order to reduce the

gene expression, to eliminate the CpG dinucleotides

specifically at those sites which, after alteration of

the nucleic acid sequence, lead to specifically these

motifs.

Again, it is of course also possible and also preferred,
in addition to increasing or reducing the number of CpG
dinucleotides, moreover to carry out a nucleic acid

optimisation, so that either the gene expression is

%

~— promoted or inhibited, or is reduced.

Such optimisations are accordingly the insertion or
removal of motifs that can influence the gene expression,
for example secondary structure-stabilising sequences,
regions with raised self-homology, regions with raised
homology with respect to the natural gene, RNA
instability motifs, splice-activating motifs,
polyadenylation motifs, adenine-rich sequence steps,
endonuclease recognition sites and the like. Yet a

further possible way of optimisation consists in



Preferably the inducible pronoter can be induced by a transactive factor. A
viral inducible pronoter which can be induced by a viral transactive factor
may be derived froman arbitrary virusS Sequences of retroviruses, HCV
(Hepatitis C virus), HBV (Hepatitis B virus), HSV (Herpes Sinplex virus),
EBV (Epstein-Barr virus), SV 40 (Siman virus 40), AAV (Adeno-associ ated
virus), AdgioMiidisng Rapiddronse 3 risesc dorEhed ¢4 e 1 86r af ige paef erabl y used
for this purpose. The transactive factors used in this connection are
accor di ngl8¥REA R Ft&%anple fromthe following viral factors, but are
not restricted to these: NS5A (HCV), HB X (HBV), VP16/1CP4 (EBV), EBNAl/Rta
(EBV), ART (HHV8), Large T-Antigen (SvV40), Rep78/68 (AAV), E1A
(Adenovirus), E2 (Papillom virus) and VP30 (Ebola virus). As inducible
promot er tHES AERe Gitfuc L "G SFCORG s actd RF§2Rr, there is

br ef er abl y; 436tk @ LAY i alr IR PLAPLE s 0T TUNCLd Ol L paLLAl sequence

thereof. “Preferabl’y therefore the transactive factor is a retroviral Tat
or Tax pradtfei nin Bod IfERmpronotler imeeiorsedfeddimel dimmeldet 1ides, of H V- 1,
H V-2, SIV, HTLV and . other, related retroviruses that have LTR pronoters. In

par ti cul art%erfiqdAT 4N pronotere are HHerer Mrfe dspet al I F*PTHDEECDT HI V.
Pref er abl y, Jien 1JRNSCI A4 CUULE D) 4 SRAUGNCER im?efntfpén &xanple pronoters

and/ or enhancers, etc., used within the 19 scope of the present invention
are not assomiwtest vt ex@pd e shamdsoding sthad swogossiideribut aodi tion to

i ncreasin tEDE nber_ of CpG di.nucl eotides in the target nucleic acid to be
expr essed,tq &% Al e Hurdbri !l THG G Tt ColT Tl TRC (he FERR ni ng
sequences mfe RSl  hefefu i BFetc Uk s MECtHstdm 148 connection the
CpG dinucl eotides in these remaining vector sequences or parts thereof may
be mammalian system, preferably a human system. Preferably

therefore the codon optimisation is matched to the codon

choice of human genes. Preferably in this connection, a

codon choice is used that 1s most frequently or next to

most frequently employed in mammalian cells (Ausubel et

al., 1994), in order to ensure a general stabilisation of

the RNA and an optimal codon choice. Still more

preferably, the nucleic acid seguence 1s modified for an

optimal expression by using the gene optimiser technology

(DE 102 60 805.9 or PCT/EP03/14850).

In contrast to the codon optimisation, “poor” codons
seldom used by the expression system may however also be
employed in order to increase the number of CpG

dinucleotides.

In the method according to the invention a heterologous
target nucleic acid sequence may also be used. The
expression “heterologous target nucleic acid sequence”
refers to the origin of the target nucleic acid sequence
and to the origin of the expression system. Preferably

therefore the target nucleic acid sequence and the



conpletely elimnated. Preferably this is again carried out while retaining
the am no acid sequence by utilising the degeneracy of the genetic code.

Al so, only a partial elinination of the CpG dinucl eotides in these
sequences mmy take place, for exanple of at |east 5% preferably at |east
10% nore preferably at |east 15% particularly preferably at |east 25%

nore part ispmidyi i efesadn Yard Ut ansll oipsis pes togall atdtyher eferably 75% or
nore. Preferably all CpGs are renobved insofar as this is possible. Thus,
dependi ng ©1PY & apiiticad shi sy digmP bt erent e‘éééfq"ﬂgeﬁﬁ NS4 e5BFon) t he

nunber of (pin diyidleLd dan rwlyldlecyﬁénpf%@@efﬂ?&ﬁe% JcPf the chosen

codon optimsation. In nbost cases a co te ellmnatlon of CpGs fromthe
r eadi ng frmer&q)assldjlcﬂ.ffﬁteamdmiqmnm acithsequendes is upwardly
limting, i.e. as regards increasi ng the nunber of CpGs. The target nucleic

aci d sequéRtF SrE Tod F6™ -an e RAR G RRL H U rf‘é]ti}}éjs“t"i"l}é‘?eof a
pepti de. 0120k 0l PaRtd Uy oS 4 1ask PERSd .0l ¥ YPEPEd fencasprotein or

a nodified protein. The target nucleic acid sequence nmay al so be a chinera
and/ or assentil et sgeEqience Wfe diddar erhioidd d- tTipe cadpuertoesse and for exanpl e

it my code faor a fusion r ot r nosai c-li ke constructed pol ygene
constructsde No{HRS (et Og s"é?:ﬁj%%c% C ey ]éef%%e%%]d‘é for a synthetic

sequence. dgediss, mmq{ltq{blécdpse adﬁ%hé)%&j&{@ré@ rdgethd he nucleic acid
sequence synthetically, for exanple with the aid of a conputer nodel. The

target nudaiatiastiapdmquence to be expressed may preferably be a sequence
for a gene for an arbitrary protein, for exanple a reconbinant protein, an
artificial
- As expression vector there may be used any suitable
expression vector. Such a vector is preferably suitable
for expression in eukaryotic cells. The modified target
nucleic acid sequence to be expressed is cloned into the
vector so that it is in operative coupling with a
suitable transcription control sequence and possibly
further regqulator elements. A suitable promoter, which
may either be constitutive or inducible, may be such a

transcription control sequence.

Constitutively active promoters are preferably selected
from, but not restricted to, CMV (Cytomegalovirus)
promoter and Simian Virus 40 (SV40). Inducible promoters
include, but however are not restricted to, tetracyclin-
dependent promoters. The person skilled in the art is
capable without any difficulty of selecting further
suitable promoters depending on the application, e.g.

also promoters of cellular origin.

In this connection, in principle any inducible promoter
system that is known in the prior art is suitable. For

example, a natural or artificial inducible promoter may
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pol ypeptide, a fusion protein and the |like. D agnostic and/or therapeutic
pepti des, polypeptides and proteins are preferred. The peptide/protein may
for exanple be wused for i) the produgtg on of therapeutic products, such as
e.g. human enzynes (e.g. asparagi nase, adenosi ne deam nase, insulin, tPA
clotting factors, vitamn K epoxide reductase), hornones (e.g.

erythropoietin,  fallicle-stinulating hornon qestr.ogens) and ot her

r ot o e GF HBRH GBS Dt T OGRS b el St T L H orbi n)
i) viral,(tRacterialrdy e fbgsz:renW.Ot e hdeid med I omdpaasid es, which may
be used as vaccines (derived fromH YV, HBV, HCV, influenza, borrelia,
haenophi | 06, r e AORFREGIC RRY Waes Hotwlbde uspdn, diphtheria toxin,
tetanus toxin, plasnodium etc.) or iii) proteins that may be used for the

production of diagnostic test systens (e.g. blood group antigens, HLA
proteins). 21 As a further possibility, a gene may be chosen that produces

nmessenger FKigfsrahdes they tididusady iehasiiqtes) cane ke iodused i GSF,

i nterl eukins, J r.fer ~PDGR, T ; - nai N fragnents
or vari antﬂslsar}gﬁe@rtglof% rzh‘;sccohrp'arébg 8’%2%31 6’0 Cgél%té\én(g t eg_r n‘%?ltr?&aléa%lefence
mechani smbeofimanljeaeeMy celdisaar t dan seordiivatiart ominidy 38 tddtievedt i gens, of
anplifyi n% a specific immune , response. A further possible use is in the

product i orf T FotditHE.F 2 15UcH T f o> SIS ez yifds (PoTYAfT astis’ _
pr ot eases, s g5 e 0 10 e9nakagy ARRi catd onsy; Jho target uslel o acid to

be expressed may al so be a 'regul ator 'gene, which after 1ts expression in a
cel |l as a Simglleculvarrusii,t GBIl Beted rsviid chest 1w exPr eEsi Bimfan ot her genes

on or off.V,As SU-COQ a 18 UQ%LES{?C‘ ene there vnngglufor exanpl e be used a
conponent GF % FYnal*Rh 1557 P& 1Ry A1 Tpt4on factor. The
rerm Papilloma viruses or Ebola virus are preferably used for

this purpose. The transactive factors used in this

connection are accordingly selected for example from the

following viral factors, but are not restricted to these:

NS5A (HCV), HB X (HBV), VP1l6/ICP4 (EBV), EBNAl/Rta (EBV),

ART (HHV8), Large T-Antigen (SV40), Rep78/68 (AAV), E1A

(Adenovirus), E2 (Papilloma virus) and VP30 (Ebola

virus).

As inducible promoter that can be induced by a viral
transactive factor, there is preferably used a retroviral
LTR promoter or.a functional partial sequence thereof.
Preferably therefore the transactive factor is a
retroviral Tat or Tax protein. The LTR promoter may be
selected from the LTRs of HIV-1, HIV-2Z, SIV, HTLV and
other related retroviruses that have LTR promoters. In
particular lentiviral promoters are preferred, especially

those of HIV.

Preferably the transcription control sequences, i.e. for

example promoters and/or enhancers, etc., used within the



"expression” includes in this connection the transcription of the target
nucl ei ¢ acids and possibly the translation of the RNA obtained by
transcription. Finally, the target nugleic acid to be expressed may be a
functional RNA (e.g. ribozyme, decoy or siRNA), which may preferably be
used for therapeutic or enzymatic purposes. The present invention

furtherno | at e o} i fi el i i i gn.capabl e of
transcrip%?%%? 8%h?%% Pgeggg#vgﬁg??€%§g 3??35?€p§g§§8%%%§§,Qaﬁgrein t he-
regi on capabl esbéndsanscription is nodified so that the 22 nunber of CpG

di nucl eotides is increased conpared to the wld-type sequence, by using the
degeneracy of the genetic code. The nodified nucleic acid may be expressed
in an expression system as descri bed above, and the region capable of
transcri pit obsialsodpdsetbse, t hataiddifsoncbdonnopeamisgdtha nehbeiron to the

used expressio syst and sp that fhe nunber. of G. di puc| eoti des
conpared ¢ ¢$€ @b%%ﬁfg%Y?ﬂ?ieﬂns ﬂ%eﬁ%ﬁgﬁﬁrPVS&Gngg?faegom#Fd-type
sequence égpFaised, Hsi Pgatbe drgenenBsY OF tPE q9sNeitetsads. 1A Wi ld-type
sequence within the meaning of the present invention is a naturally

occurri ngtimeicteneinthd sequences oAspalteatieneafi pnedenboes, the is however
al so possjble for_the target nucleic, aci equence tp.code.for an
assenbledV%%E%rSqu%ngg%smg?%%e §O%et§ sgﬂglgﬁn??gﬁ?gﬁﬁFFeﬁgnt wi | d-type
sequencesthé e SHEMa BnCAGEvEBEoW s8quéipessegupacesr ehersofFombiepbsequence
that has not yet been nodified within the meaning of the present invention
(i ncr easeCorP+elEEYi ohiBinghed nunberferalhs tHiAueFedBrdBsFarThednunber of

OO dhnuchSPLFry, el 06, S EhE AL, SR0EILAGCASC 0D LpYeRRUE ™Y o8
aunber i sthai degehordbe aBxthunyanabee tbat.i sapsessi bheéy a partial

elimination of the CpG dinucleotides in these sequences

may take place, for example of at least 5%, preferably at

least 10%, more preferably at least 15%, particularly

preferably at least 25%, more particularly preferably

50%, and most particularly preferably 75% or more.

Preferably all CpGs are removed insofar as this is

possible.

Thus, depending on the application (silencing or
- increasing the expression) the number of CpG
dinucleotides may be varied independently of the chosen

codon optimisation.

In most cases a complete elimination of CpGs from the
reading frame is possible. The coded amino acid sequence
is upwardly limiting, i.e. as regards increasing the

number of CpGs.

The target nucleic acid sequence may code for an RNA,

derivatives or mimetics thereof, a peptide or
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The target nucleic acid sequence to be expressed may
preferably be a sequence for a gene for an arbitrary
protein, for example a recombinant protein, an artificial
polypeptide, a fusion protein and the like. Diagnostic
and/or therapeutic peptides, polypeptides and proteins
are preferred. The peptide/protein may for example be
used for i) the production of therapeutic products, such
as e.g. human enzymes (e.g. asparaginase, adenosine
deaminase, insulin, tPA, clotting factors, vitamin K
epoxide reductase), hormones (e.g. erythropoietin,
follicle-stimulating hormone, oestrogens) and other
proteins of human origin (e.g. bone morphogenic proteins,
antithrombin), ii) viral, bacterial proteins or proteins
derived from parasites, which may be used as vaccines
(derived from HIV, HBV, HCV, influenza, borrelia,
haemophilus, meningococcus, anthrax, botulin toxin,
diphtheria toxin, tetanus toxin, plasmodium, etc.) or
iii) proteins that may be used for the production of
diagnostic test systems (e.g. blood group antigens, HLA

proteins).

a
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For a stable integration in cells, elenments such as eukaryotic selection
mar kers (e.g resistance genes to hygronycin, zeocin, etc.; selection
reporters such as GFP, LNGFR, etc.; Bt reconbination sequences for a
directed reconbi nati on) may be used, in which the correspondi ng gene
sequences can, as far as possible, also be reduced as regards the content
of CpGs. For applications in gene therapy sequences can be introduced that
counteract inmunostimulating notifs (e.g. immuno- repressive CpG notifs).

Accordi nghy, s for-@RPLi S8ELPPS1L Ay, | Bheahhonse 8H6Beasthak exanple in
vacci nations or for the production of antibodi es, sequences nmay be
i nt egr at eprodegs cods s¢ngeMenbst enokat i(aytbhtnesdchemgkinegmiinost i nul ati ng

CpG notifg). preferred. yector for use in the present i ti is the
Vector 11Tkt rareer  OBEF D Rt e Shethesnr EERPERRGRNC: BHERr s8Nt ovi des
eukar yot i RaAGEES Sor MPP e Poef @6k ¥ smrFBLhaAtsebkSyak@shtparticul arly
preferably human cells, that contain a target nucleic acid or a vector

(pr ef er abt§ereof hewhbeln afeacam@ab leonst patuytas9déber npedrabove, in which

t he nucl ej ' e cifor_j ent,hn f ot bl f
transcrip@%%%g&%ﬁgg%%%ﬁésége&gr%?i?§%ﬁ§ g%%%?i%réeﬁﬁgggggfn%E?SHpreferably,
those cel\sthhatibasiecabhyigonspt ofcanpyiouingny gpeBo¥ocneihyhati on. The
DNA construct may for exanple be present episonally or integrated stably
into the ERFRPBIBNeE. INn this connection one or nore copies nay be present
in the cell. To introduce the said DNA constructs, gene ferries of wviral
(e.g. adenoviruses, retroviruses, Herpes viruses, 25 alpha viruses, etc.)
or bacterjial origin or naked DNA (expression Iasnids% may be used. The

present invERtED rnB?%%%%}epP69iaéslantaﬁppéggﬁﬁﬁlogyg eRFB6RPFPsI ng:

such as for example enzymes (polymerases, proteases,

etc.) for biotechnology applications.

The target nucleic acid to be expressed may also be a
regulator gene, which after its expression in a cell as a
molecular switch molecule switches the expression of
other genes on or off. As such a regulator gene there
may for example be used a component of a signal
transduction pathway or a transcription factor. The term
“expression” includes in this connection the
transcription of the target nucleic acids and possibly

the translation of the RNA obtained by transcription.

Finally, the target nucleic acid to be expressed may be a
functional RNA (e.g. ribozyme, decoy or siRNA), which may

preferably be used for therapeutic or enzymatic purposes.

The present invention furthermore relates to a modified
nucleic acid with a region capable of transcription,
which is derived from a wild-type sequence, wherein the

region capable of transcription is modified so that the
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a) a nodified nucleic acid sequence with a region capable of transcription,
which is derived froma wld-type sequence, wherein the nodified nucleic
acid sequence has an increased or redgyced nunber of CpG dinucl eotides
conpared to the wild-type sequence, in operative coupling with a
transcription control sequence, and b) an expression environnent selected

froma ceII n I ressi an enwronrret ere % an be
expressed, uIn% \%h%efh%e de %l%prce]'se)sglgcor?sesys e H The A(:acsoempa E) e eron of a

nodi fi ed RUQIRItyPRCist SRGIRICOY WdihAnHa clapged auher tqfe CpG
di nucl eotides exhibits an increased expression, and in the case of

expr essi ol¥ede td cnsdidei-ed Tﬁ\fcm@%l Had ryefthelrfc@%q H“aaY Re R Meder of CpG

di nucl eot i;des, ex ptyets%l%n ed aesxrg g The L esgn dwention can thus
be used so0 as to rncrease reduce t expr essi on of a target nucleic acid
sequence. ﬂefgﬂdlﬁc@)p[a&ﬂ,%lccﬁ‘l ‘umrrsansgrtldrhelrs pucefiefisdd ysa@nthdatnciease of the
expression of at least 5%, nore preferably at |east 10%, still nore

pr ef er abl FORON ERIAMIFRS & i 7dr@hriet dritblised USRS TW especial |y at
| east 50% SRS LrRERRCIIHY tBle IRAHe L U 49096 0m I &+ 1 Shwoul d be

achi eved. pending on the length of the target nucleic acid sequence to be
expr essed campatrtesl tourdher qﬁdmmm@tamnmtdmm frmem odueed, an

i ncrease ression by a facto 2, 5 even 26 0 .to 20, or
bossi by UHEBHES BBy dee B HAIBE TOTTRCT O ¢ he

expressi oydretdesid@ . t hen pref erably a reductl on of the expression, in
other words for exanple a reduction of the transcript anpbunt of at | east

10% preferably at |east 20% nore preferably at |east 30% still nore
preferably at |east 50% and
e A wild-type sequence within the meaning of the present

invention i1s a naturally occurring nucleic acid sequence.

As already mentioned above, it is however also possible
for the target nucleic acid sequence to code for an
assembled gene sequence, which may be assembled from
different wild-type sequences. In such a case the wild-
type sequence refers to the sequence that has not yet
been modified within the meaning of the present invention
(increase or reduction of the number of CpG

dinucleotides).

The number of CpG dinucleotides in the nucleic acid
according to the invention may, as mentioned above, be
increased by several CpG dinucleotides. Preferably the
number is raised to the maximum number that is possible

within the scope of the degeneracy of the genetic code.

The present invention also provides an expression vector,
which includes an aforementioned modified nucleic acid

according to the invention in operative coupling with



especially at l|east 75% should be carried out. Preferably the expression
shoul d approach the Iimt of detection. As already explained above in
detail, the level of transcription depends on the nunber of CpG

di nucleotides in the gene. This means that in the case of |onger genes or
in genes with nore possibilities of introducing CpG dinucleotides a hi gher
| evel of ex tq% ion_should be ach 9 Tb gld be p055|ble
with the 3afd? et%a%?%?e%l?rhvce%‘?%% t%e?‘é%ﬁ%%sthe %p?’ Pén*®

signifi cqshtéﬂezbarbl euied ged ethetéasvathonegbrassian as eprssiybkecal | CpG
di nucl eot i des, depending on the application even to the limt of

det ect | orcehe %?e%%n%rth§%¥YoﬁN%d%$%v%ﬂ%$iy PrevveescredPcaments and

di agnost i, saentin based: on, el fy edyuche e aghdeycagdhecouget ors

accordin vent1 on. @' nodi 11 ed ~hucT &i ¢”ac ors may be

used in dieghossicf thdeveapesdtichandios geftetdrtapyompphecations, in
particul ar also for the production of vaccines, In partlcular t he nmet hod
accor di ng"e®t thed i myehe i o &Hd 5?%%9%&%r%§§?6ﬁ1§95¥%n§ ©nucl eic acid

Sequences, o &%P&? zgheaﬁ'\gnﬁgfl<§fa@ﬁ@rgg{@ci@o{bﬁeénygnékgge%)ﬁl e used for

t he pro ctron DNA vaccl nes an alternative to conventional dead
vacci nes madutedi ngpvateraedy the numbetopﬁe@pGoﬁiuacténésdehaunare based on
"naked" plasmd DNA |s becom ng increasin i nportant. }he advant age of

ly i
DNA vaCC|H%%S?|E%m?hn%%guﬁ?%}%r of SERE ERA Th B%$P§ tREEREBENES with the

aUthe”t'Cr@@@@&&tbﬁnaﬁ'ﬂéé§9'@9 pedid gt om Péa@ﬂthg%”sméﬂg an efficient
activation of a cellular and hurnoral immune response. I'n this connection

t he IeveIpr¢f$h@blmdwteheaﬂhuhé/resbohkemon©rpe€éeesbhythttheaahount of
antigen p duced and thus__with the expression output of the constructs.
U the Bfect oRror dntar bt ragShnt Phereearmast HeF bsbithgY

preferably at least 75% or more.

The reduction of CpGs is preferably achieved by
artificial gene synthesis of the individual vector
modules (antibiotic resistance gene, selection marker,
multiple cloning site, etc.) as described above. The
individual modules are assembled with corresponding DNA
fragments of essential, non-alterable modules
(replication origin, polyadenylation site, viral
promoter, etc.) using singular restriction sites, to form
a functional vector. The vector may be of viral (e.qg.
derived from adenoviruses, retroviruses, Herpes viruses,
alpha viruses, etc.) or bacterial origin, or naked DNA

(expression plasmids).

The modular construction of the vector moreover permits a
rapid and easily effected alteration as regards the
individual modules. The number of modules may be varied

and adapted corresponding to the application.



t he accunul ati on of CpG dinucleotides in the coding sequence, then as a
result the activation of the inmune system and thus the protective effect
is inproved. 28 Description of the dixagrans Fig. 1: Regul ation of the gene
expression by methylation (prior art). A Mthylation of CpG di nucl eoti des
| eads to the switching off of the gene expression. B: CpG islands protect

agai nst a thyl ati.an and the _sw tching of f sociated therewith. C
Secondary g@p(ﬁ%ﬁ&fﬂ#ft ildﬁceoqrattﬁeortﬁ@ i S e?iee{ﬁfsntﬁ 0" %yt swit ching of f .
D Secondanykdpiranet hid atd orbriraya Hee 1Y eyend edrdyi staeuci fend Hec &pG

di nucl eotides in the reading frane. Fig. 2: G-P expression analysis in
stably travdrEmedloeldecin @b B Lol an frenerirohelwgh addl ysis of

stably trﬁq,sf Fl p-1n 293T .and ells. T Y i ives the
GFP- condi t1 orfe‘éﬁ\#cﬁgzdr eegccce’n’ce ?rntrgen%ollégyﬁ(%ﬁém rrseea%\?erﬁeﬁ%rge%%eance intensity")
and the X@aXectHeSeddidinEassHenet dd nmesed n weeksic tee t ransfection. A

FACS anal ysis of huGFP and CpG GFP reconbi nant 293T cells. B: FACS anal ysis
of huGFP &fFNSRONGPT &Hbi FREHETI M 25 21| BUrRTTHRE ni cr oscopy

i ma f st ' ' : ' t i j tab
Itraggf gct Zadlas?el eg%léd&épérlg:assi oﬁé%nra%ysﬁq;éoo ﬁegﬂ%fgfr%éd% (rjlg #élré?rea d

Reconbi nantprAljpd thi HO iceldend hdteteawe sedegiad edcdihee huGERPduceétie LCpG GFP

gene stably into the cell genonme were |ysed, and the expression of the
genes was dette G tRyact immunostimulating motifs (e.g. immuno-
repressive CpG motifs). Accordingly, for applications in

immunisations, such as for example in vaccinations or for
the production of antibodies, sequences may be integrated
that contain immunostimulating factors (e.g.

immunostimulating CpG motifs).

A preferred vector for use in the present invention is

the vector illustrated in SEQ ID NO. 27.

The present invention also provides eukaryotic cells,
more preferably mammalian cells, most particularly
preferably human cells, that contain a target nucleic
acid or a vector (preferably in the form of a DNA
construct) as described above, in which the nucleic acid
or the vector is present in a form capable of
transcription. The cells are preferably somatic cells
or, more preferably, those cells that basically do not

carry out any de novo methylation.

The DNA construct may for example be present episomally
or integrated stably into the chromosome. In this
connection one or more copies may be present in the cell.
To introduce the said DNA constructs, gene ferries of

viral (e.g. adenoviruses, retroviruses, Herpes viruses,



by conventional inmunobl ot analyses. Plots of the huGHF, LCpG GFP and nock
sanpl es are given. Mnoclonal cell 1lines were established from both

pol yclonal cell cultures (poly.) (nmh®. 14 and 7 for LCpG GFP and nono. 10
and 9 for huGFP). Mock cells correspond to an unchanged initial cel

popul ation. Fig. 4: Quantitative determ nation of specific transcripts of

stabl e ceiisna Reptndd o HER pnalyshstotispesiifen BYOhQR¥AI Braesi stance gene
and gfp R fromcytoplasm c RNA preparations. The real-tinme PCR

eval uat i ofexpreseieC padsnydes Bag Bdowheflor CHO cells
(hygronmycin-resistance A and gfp B) as well as for 293T cells (hygronycin-
resistance C and gfp D). The nunber of PCR cycles (X axis) and the
fluorescence intensity (Y axis) are shown. The specific kinetics are shown
for huGFR}? RERISN Bnth VeThER GHPOhROUBEt BIORSAAR| #1 a8XPBPSER@Npri mer di ners.

Fig. 5: P h ion analysis after transient transfection.
oo BELEERY

Representative sis of the cell |ysates and supernatants of

Lransfected HIZ00: £plls nut200 seldssugne,Liapstechedoyibh in each case 15

pg of wld-type and optimsed nurine M pha constructts. The respective
prot ei n concerdpatti®no hasrauaotiptedn pywhitonvent denaved&Lf Sdmt ests in the

cell supernatant . and in the cell |ysate with the_aid of corresponding
ctandard. | ool e i Gar S RURT LS ot TROTHELR VI GEhF Fhat t ol

protein concesdydhon HOF AN LRER-£888 bWOrehNEERERGRPLr DaECHBE, While the
enpty bars correspond to the standard deviation. The nunber of CpG

di nucl eot i desdinwcléwt bpen cenpingdftanehe swpl dttede oneghenxeaxis and the

total tei tration, i Ipl is plotted on 30 the Y axis. W
cor  esponds. 1B THE Bbr 68T bHUBOREP bt e PBF -t ReP PERRCEP P bE M | o- type gene.

e sequence, and

b) an expression environment selected from a cell and a
cell-free expression environment wherein a) can be
expressed, in which the expression system in the case
of expression of a modified nucleic acid sequence
with an increased number of CpG dinucleotides
exhibits an increased expression, and in the case of
expression of a modified nucleic acid sequence with a
reduced number of CpG dinucleotides exhibits a

reduced expression.

The present invention can thus be used so as to increase
or reduce the expression of a target nucleic acid
sequence. If the expression is raised, then preferably an
increase of the expression of at least 5%, more
preferably at least 10%, still more preferably at least
20%, even more preferably at least 30%, especially at
least 50% and most especially at least 100-400% or more,
should be achieved. Depending on the length of the
target nucleic acid sequence to be expressed and the
number of CpG dinucleotides that can be introduced, an

increase in the expression by a factor of 2, 3, 5 or even



Fig. 6: MPlIalpha and GW CSF expression analysis after transient
transfection. Representative ELISA analysis of the supernatants of
transfected H1299 cells. H1299 cells re transfected with in each case 15
pg of wild-type and optim sed human M Pl al pha (A) and GVt CSF ( B)
constructs. The respective protein concentration in the supernatant of the

cel | cul ture 48 2qurcy afdyidivangs e 11000 was 20antd i £k dypbeonvent i onal

ELI SA tests with the aid of corresponding standard curves. The shaded bars
represent aHERshn val ue for in each case two independent batches, while
the enpty bars correspond to the standard deviation. The nunber of CpG

di nucl eotides in the open reading frane is plotted on the X axis and the

protein caoncentration in the supernatant in pg/nm is plotted on the Y
s W Ot Podomas 1 (He Wit R (EhstT (45 L i<n h ¥bs pect | ve

wi | d-type Qe iy, of rdARAIARIA G Hd |digiFadd oh Ofid her wused, Sxps essi on
pl asm ds. "A: Plasm™d map of the P-smallsyn plasm d. B: Plasnid map of the
PC-ref. nddul exampler igginedfcttimn ofedibendesmr(ssdtidbtt ygoeounW "of retbl ack, and

synthetic.in _gr are shown. 3 Fig. 8, H V-1 p24 detectjon after

Y ans; ent (ATAID G e As 3 o Sl YA TOThe B SHAIT )P and Po- r ef
vectors. 1dL299 Wel | svere ddangfeatadyuf bt e specidd eghg constructs and
the protein production was detected by conventional inmunobl ot anal yses.

Anal ysi s ¢fspamaaddly all yisasds 10f% Hislhon s e reaigfierd exlitH1299 cel | s.
Mol ecul ar I ght reci sj on pl.us pr.otei n standard,, .Bi o-) as well as
rvet\efhegaﬁﬁaﬂzg:,he e?lfeas%d'%%C%(h S q,pe%ioeaach the Cﬁ.]?l%g% g

t he pl ot on s/p -1rans sanple e shown. Mbock
t ransf ect iqat ecqarirsgsponds to a

As already explained above in detail, the level of
franscription depends on the number of CpG dinucleotides
in the gene. This means that in the case of longer genes
or in genes with more possibilities of introducing CpG
dinucleotides, a higher level of expression should be
achieved. Conversely, it should be possible with the aid
of the present invention to reduce the expression
significantly by the targeted elimination of as far as
possible all CpG dinucleotides, and depending on the

application even to the limit of detection.

The present invention additionally provides medicaments
and diagnostic agents based on the modified nucleic acids
and/or vectors according to the invention. The modified
nucleic acids and vectors may be used in diagnostic,
therapeutic and/or gene therapy applications, in

particular also for the production of vaccines.

In particular the method according to the invention and

the expression systems, nucleic acid sequences, vectors



transfection with the original pcDNA3.1 plasmd. Fig. 9: HV-i p24
expression anal ysis of various expression constructs. H1299 cells were
transfected with in each case 15 pg R/p24, R/ 24ACpG, s/ p24 and s/ p24ACpG
constructs, as well as with pcDNA3.1 (nock control) in independent double
bat ches. The respective p24 protein concentration in the cell |ysate was
qgquanti fi ednhby cetasvarttoeddahg moundll dnvamaliysemayAbandday fdd $Ahd ests (B)
with the aid of c¢orrespondi gg st.andard curves.. The shaded bars represent

the mean PAPGECSLOPhEIpHNA ¥EREdRESat | &iF E™n 2GR IR e cel | 1 ysate for

in each ¢gpceAcipdapendant vRalqhes. JBw@MRkESy PseMlfe sl Ripduction of GFP
reporter genes wth different CoG content Two variants of green

f | uor escedesepoptnentt pEFPrcgenes, thatti alredidfafsed iom e kadtberl aamiChG

di nucl eot i des,, re produced. The huGEP gene had CpGs, the L GFP gene
32" had nbGnss BHReTRRE. dEGTEEATgade HENE PP wad Mo BaATUCES OF
artificiaphy vhectibesdeseanigf ahh@peR%eCol? t¢ar enaasiH akan 4,0 ensure that no
rare codons or negatively acting cis-active elenents such as splicing

sites or poMmpiApdsiwghidl thet astivens licnProdwedd ommHa ncddsiingadapt at i on i ndex
(CAlI'), whi N ur f.t ualit of - t.h dan..chai.ce altered
oty 51 ARy B REnen T deretrn Cort Redores Yt e S W gkm

CAl (, ~CpGaCGeR)l 1ula@. 244 hihereodimguar nesaeindesequenasiof the GFP was in
this connection not altered. Further interfaces were inserted for the
sub- cl oni RERPRELRGCIEESt L§¥ can@Tafilfo 1 PAKICE s dFiieGe s SRROTGi%en in SEQ I D

NO 1/2. The,sequence,yes prodysed.as 2 fiiililow s yHNelde 4ene H@eneart
GrbH), cl oned i nto the expressi on vector
with the expression output of the DNA constructs. If the

expression of an arbitrary antigen can be increased by
the accumulation of CpG dinucleotides in the coding
sequence, then as a result the activation of the immune

system and thus the protective effect is improved.



pcDNA/ 5FRT (I nvitrogen) using the interfaces Hndlll and BamH , and pl aced
under the transcription control of the cytonegalovirus (CW) early
promot er/ enhancer ("pc 4CpG GFP"). ForS he production of a sinilar
expression plasmd, though unchanged in its CpG distribution, the coding
regi on of the humani sed GFP gene (huGFP) was anplified by neans of a

pol yrer as Peskaiip tieac biforthePdRagramsy t he ol i gonucl eoti des huG-P-1 and
huG-P-2 froma commercially obtainable vector, and |Iikew se cloned into the
expressi on vector pcDNA/5FRT ("pc-huGFP', SEQ ID NO. 3/4) using the
interfacegif.ndl:ll and Bam H. Production of stable cell lines with the G-P
gene variants The Flp-In systemof Invitrogen was used for a rapid

est abl i shRegtland oselodc ttihen geines teadpire, s sriggoiy meerithyweltion 3@ riof urt her,

maj or advan&[?ge of this systemis a directed integration of a copy of the
transgene®fito a defined locus of the target cell. This technol ogy thus
provi des athe brshyaerdich &Fs dpor dikeQuatildeat i dormpardson of  the
expression of an arbitrary transgene, since physiological and genetic
factors ofwifiehtiaggetf fcolfl tdrce geingr gelpyrsisgdi-cal . In order to achi eve an
addi tional,, certainty, tw different i I.|.s were selected for

t hese corrlgér at icéggl ér%la%jessp tgcgelalgﬁq‘ﬁ@rgsa %l‘%p;c%l r%a aar{lé]eﬁ:ﬁlpe-l n 293T were
obt ai ned fswamchivigt lbFge R sae 1 atldd whed «ati t37.C and 5% CO2. The cel

| ines-were cultured in Dulbecco's nodified eagle medium hi gh gl ucose (DVEM

(293T) ané:HAVS ScPRdeErOR YHOMe thydiadiam i, HeChhdctianded 9adal bovi ne

serum peni-ciil lin ( ) %rlfg streptonycin (100 pg/m). The cells were
sub- cul tu?gda"l r?le%g rj'sg%tg/ (r)ﬂfn)gl: ‘after confluence was achi eved. The

£est abl i shvent Gk conalalry thryvaresfestivdd tdeln snavadec grrdvechteailitbyaccording to the

nanufacturer's instructjons. 2.5 x _, :
reducing the CpG dlnué%eotldes in the reading frame.

Fig. 2:

GFP expression analysis in stably transfected cells.

A and B: Long-time flow cytometry analysis of stably
transfected Flp-In 293T and CHO cells. The Y axis gives
the GFP-conditioned fluorescence intensity (MFI “mean
fluorescence intensity”) and the X axis gives the

measurement times in weeks after transfection.

"f A: FACS analysis of huGFP and ACpG-GFP recombinant 293T
- cells.
B: FACS analysis of huGFP and ACpG-GFP recombinant CHO
cells.
C: Flourescence microscopy image of stable cell lines.
Fig. 3:

GFP protein detection in stably transfected cells.
Expression analysis of the GFP reading frame.
Recombinant Flp-In CHO cells that have integrated the
huGFP or the ACpG-GFP gene stably into the cell genome’

were lysed, and the expression of the genes was detected



105 cells were seeded out in 6-well culture dishes and transfected 24 hours
| ater by cal ci um phosphate co- precipitation (G ahamand Eb, 1973) with 1.5
pg transfer plasnmid and 13.5 pg pOZ442 Cells were selected up to a ratio
of >90% GFP positive cells with 100 pg/m hygronycin for 293T and 500 pg/n
for CHO cells. The nunber of G-P positive cells was determ ned for all cel

| i nes by pgassneéneoonent iamahoblow aeyhdfrebsy apabysi 6f tbhet anwhmati on of
t he GFP expression The exgression of the reporter constructs _was determ ned
over a peftrPa-oFF 13NADRPHE BFPLYEI aFenBa¥APendARC6LORRE CEEP- nedi at ed green

aut of | UOT eSRE0CEeL. ScLhow eHLATRLEh pbBRCLONSPLokLRSER); Thg.data of the

mean fluorescence intensities are summari in Frg. 2A el'ls) and 2B
34 (CHO ¢pdlyg)) ThenbuGHP exgr @s§opnAGaS—-Ebandntiomenor ellat bwal Y constant in
both cell _lines gver t he mhol$ measur enent Eeriod, fth a nmean fluorescence
i nt ensi t yToF D800F| 2039 hnde 758 FRRERSPIRE hepelPEPCPER8Pfer construct,
with a regycedsnunber gbp&PSBiohl kewi se exhibited a constant fluorescence
intensity over the whole nmeasurenent period. The mean fl uorescence
intensity was however reduced by a factor of 10-20 (293T) and 6-9 (CHO
conpar ed £9 thg.huGFP. The reduction of the GFP-nedi ated fl uorescence could
al so be det@cet ey by fluorescence mcroscopy (Fig. 2C). Since various causes

may be ingehMedthnidedesteanenotibhecrCEpenediat edafikuenigscenge (instability
of the protein, reduced nuclear export of RNA, |ower transcription rate,
etc.) addftabhal caksser nRepportanal ysBsanpdyguaneit Pevefifeal -time PCRs were

carried E§ﬁ§ e I e i by ] b g t g
Fransf eot HTEPEY SeT TEChEr o hadrag burhg drbn RS EEbn BRE-BI 8 TG aotps
1.8 MM KHRIRAprdgaradidas! , TRe7rablKEihe PSBrapeduetionnoifcenheold PBS,
tentrifuged for 10 mi nutes , ,

analyses are shown for CHO cells (hygromycin-resistance A

and gfp B) as well as for 293T cells (hygromycin-

resistance C and gfp D). The number of PCR cycles (X

axis) and the fluorescence intensity (Y axis) are shown.

The specific kinetics are shown for huGFP products and

ACpG-GFP products, as well as for the primer dimers.

Fig. 5:

MIPlalpha expression analysis after transient
transfection. Representative ELISA analysis of the cell
lysates and supernatants of transfected H1299 cells.
H1299 cells were transfected with in each case 15 pg of
wild-type and optimised murine MIPlalpha constructs. The
respective protein concentration was quantified by
conventional ELISA tests in the cell supernatant and in
the cell lysate with the aid of corresponding standard
curves. The shaded bars represent the mean value of the
total protein concentration for in each case two
independent batches, while the empty bars correspond to
the standard deviation. The number of CpG dinucleotides
in the open reading frame is plotted on the X axis and

the total protein concentration in pg/ml is plotted on



+ at 300g, and lysed for 30 mnutes in lysis buffer on ice (50 nmM Tris-HC1,
pH 8.0, 0.5% Triton X-100 (wv)). Insoluble constituents of the cell l|ysate
were centrifuged for 30 mnutes at 19000 g and 4C. The total anount of
protein in the supernatant was determ ned by the Bio-Rad protein assay
(Bio-Rad, Munich) according to the manufacturer's instructions. An equal

vol une of 5 S I a i a he sanpl es,
and heate%ﬁ¥g¥ %Q%ghufgg g?Pg%%ﬁéﬁéEj?§“%¥e %%%g%sprg e?%ggF%ﬁféell | ysat es
wer e sepasat €lte t he opigbt five 121 586 SpSE pgeyacr yl am de gel (Laenmiie, 1970),

el ectrotransferred to a nitrocel |l ul ose nenbrane and 35 detected with a
nmonocl onal GFP-specific anti body (BD- Bi osci ence) and a secondary, HRP
(horseradf§@_p§{oxidase) coupl ed anti body, and identified by neans of
chronogeni ¢c™ staining. Protein detection by western blot confirmed the data
from t he FRES: helas uredeBll-CFDrehptr s geor anatyanssaftherf ukbknkéngth G-P

protein was defected in _stabl ransfe CHO cells; no _differences could
e’ et ectRt s et hooBr ocRERFREYBr Bl Bt coryeh oo gRGYaUSt PONtREFi g 3y In
order to ghgsihytiRestEaNseshPtioned@chiiybbyceisquantpbat byerkeal -time PCR
(Light Cycler, Roche) was carried out for the stably transfected CHO cells.

Cyt opl asnmverRNAr avastprepdredthr om edehcesbe {RNeas9f wOldagepy and treat ed

ith DNa 500 U - f / f th -treated
Ry S Rl aBhi s W e P e S
p(dN) 6, 1shesSt&apdct N sypEhestsnkbht EatiHI- PER:hRostiprrnbebhewed by PCR

(RT-oligol and RT-oligo2). The resultin PCR product was diluted and used
for a |ight EyelerliLeyltanal §8i BoYSYBRI tREChEFNSASCEAPBr KAF control, the

RNA - anou aREi%P&dh%§r§8M§%HE£8§£§t§ﬂ§§A9€QSt§iHﬁkﬁrkxe Lpyeggated into the
tel | genone was neasur ed. e

corresponding standard curves. The shaded bars represent

the mean value for in each case two independent batches,

while the empty bars correspond to the standard

deviation. The number of CpG dinucleotides in the open

reading frame is plotted on the X axis and the protein

concentration in the supernatant in pg/ml is plotted on

the Y axis. Wt corresponds to the expression construct

of the respective wild-type gene.

Fig. 7:

Diagrammatic illustration of the used expression
plasmids.

A: Plasmid map of the P-smallsyn plasmid.

B: Plasmid map of the PC-ref. module and origin of the
sequences (wild-type “Wt” in black, and synthetic in

grey) are shown.



results are summarised in Fig. 4. The RNA anounts of the

hygr omyci n-resi stance showed no difference in all the neasured constructs
(Fig. 4A for CHO cells and 4C for 2937 cells). The results of the GFP RNA
however correlated very well with the results of the protein expression
(GFP fluorescence intensity). For the CpoG del eted construct, after
quantificgi'on of the Iight «cycler data an approximately seven tines

smal ler Cy Op?asnic RNA amount was detected in CHO cells (Fig. 4B) and an

approxi maelvy1t ppat et bdesofnafter RNAnamednt traas fdeteehed in 293T cells
(Fig. 4D), conpared to the 36 _injtial construct. Exanple 2 Production of
murine M BKBFPR&IGBRNEBAWERSIPET BREnF-ePellegRt 8RCS ECn teki Ye6%&MSl-e t he

nucl el ¢ agj dogeguence,atot heafukape M bLal phie geaeswasqal tered so as to

forma series o constructs wt rent nu rs o G di nucl eoti des,
but wi t hoatnattectagahbetbedpngtaihnpradidtsequencedeferctethiby pur pose t he

am no aci d sequence Yf,the i ne Pl al pha %e e product was transl ated
back i nt oCS)HERELPR2 Nf@@&PEﬁi?anpggyﬁéadiné Paﬁﬁé§,°%sfﬁﬁ £Rdlcodon choice
of human eellges! Bra fir{/st poui esaAkreenshr Habsot Be11acci geAkahhy formed CpG

di nucl eoti des were renoved “stepw se fromthe sequence, w thout however
i ntroduci ngighére (podonsibhapluwsubdobeiaxptenddrde &dweRsel)yasffect the

(
expression. .ln_addjtio G _di nycl gotide-gptim sed . Mplal pha ne
constructwﬁéi_ﬁfo h@eﬁ?oﬁhgghthn#zPﬁgd S?R?@eagg Wﬁﬁ& éﬁén3&ﬁ55% oti des as
the codonsgpplEksgde eBBFHLUCHocknNttAhEfeaseod @8k@kispballisof0fy the codon
choice was intentionally taken into account, in order to introduce as nany

CpG di nucteanpestasnpuwsshbkibe oatedndilngcPYAPhRe phigsmidrt it woul d be
gfpected that this gene construct would have a | ower expression than the
Fig. 9:

HIV-1 p24 expression analysis of various expression
constructs. H1299 cells were transfected with in each

case 15 pg R/p24, R/24ACpG, s/p24 and s/p24ACpG

constructs, as well as with pcDNA3.1 (mock control) in
independent double batches. The respective p24 protein
concentration in the cell lysate was quantified by
conventional immunoblot analyses (A) and by ELISA tests

(B) with the aid of corresponding standard curves. The
shaded bars represent the mean value of the p24

concentration (in pg/ml) in the cell lysate for in each

case 2 independent batches.
Examples

Example 1
Production of GFP reporter genes with different CpG

content

Two variants of green fluorescence protein (GFP) genes,
which differ in the number of CpG dinucleotides, were

produced. The huGFP gene had 60 CpGs, the ACpG-GFP gene



codon-opti m sed gene construct on account of its poorer codon choice. These
gene variants were constructed as fully synthetic reading franes, using

| ong ol igonucl eotides and a stepwi se3BCR, and cloned into an expression
vector. The produced M pl al pha vector variants differed conpletely as
regards the | evel of expression of murine MPIal pha. For the person skilled

in the art _it _could not he fores t hat t he rd ith the | owest CpGs
woul d be t@)?f)jr é%sgg%% v?glrestc%GZr?%%ar?qeﬁ]irgeeé%e A:tﬁdt EgeFPSOH&S woul d be

acconpani ednshyuaft eidneredsa cafalihe M1 ahzhalepmessi ahd moperep an  cel | s.
In particular it could not be foreseen by the person skilled in the art
that the E6/&t M8t SHXER tRe SPPEEMIMAToSYs e Sh rSEM SoPXCpG di nucl eot i des,

uhich howewar 14eng Laksoguead aldite mRase Oflderdaration of the
codon choicé, exhibited a’significantly stronger expression than the
codon- opt isiiitead ogepel Yarni aitgnadf stihesmwdnze iMiplecalysheal .gerithd hatdah ffer in
the nunber, of CpG di.nucl eotj des re_ syntheticall constructed as

descri bed 3 RPEREATNe 12985 (SdE- ¢l HREET nitS @ ﬂ?@séﬁ%r &dsi VBRIt e DNA3. 1

using the Mgl acen ldnkdldd, aRd Matlerct& ANt isiiGrally vy adlced genes were
in each case matched as regards their codon choice to the ™ manmmalian system
When renodiedgttibe CFGtdien ¢piGsot(Cads v Fh)are Ovidrpral iCAT [@Sdsh<s BRr e= used,

that - ar 6 Caci eved 1 LR SRl oo SRtAL o A HoudRe Wbre

intentionahliy alcseeeplosyedt Eescerst r UGl Hdiati nafea feedan waptd m sed but
provided with different nunbers of CpG di nucl eotides, have throughout a
CAl val ue ioBemyed fiean theo sad cdioierd -onlThes INugHEqE 1 dph@ndCANNVE ues of the

Pave on CAE B REFEHGSS G5 HOnrAr VAL (B3I v 70 B) . Accor ding 1o the
The sequence was produced as a fully synthetic gene
(Geneart GmbH), cloned into the expression vector
pcDNA/5FRT (Invitrogen) using the interfaces HindIII and
Bam HI, and placed under the transcription control of the
cytomegalovirus (CMV) early promoter/enhancer

(“pc ACpG-GFP") .

For the production of a similar expression plasmid,
though unchanged in its CpG distribution, the coding

& region of the humanised GFP gene (huGFP) was amplified by
means of a polymerase chain reaction (PCR) using the
oligonucleotides huGFP-1 and huGFP-2 from a commercially
obtainable vector, and likewise cloned into the
expression vector pcDNA/5FRT (“pc-huGFP”, SEQ ID NO. 3/4)

using the interfaces HindIII and Bam HI.

Production of stable cell lines with the GFP gene

variants

The Flp-In system of Invitrogen was used for a rapid

establishment and selection of stable, recombinant cells.



prior art a conparable expression of the codon-optim sed genes would
therefore be expected, though a significantly |ower expression of the

wi | d-type gene and of the CpG dinucl@dtide optim sed gene. The
identification of the constructs, the nunber of CpGs as well as the CAl
values are given in Table 1. The nucl eotide and am no acid sequences are

given in BEELHhND BAPot 02Nt PO, £38hid36¢4tehhesanaliggaus caxpressi on
construct (wld-type reference construct) correspondlng to the wild-type
e

sequence Wakeuhehbpyedfag FepHras ths tpenapspei botPoa. defhaegodi ng region

was anpli{} b S p rase. .chaj i P i.ng the
oIigonucl%%??%é%fggﬁgpF§£g§Ed8%%g?p-iﬁ%ﬁoﬁggﬂgéﬁgﬁglgﬂgg(gg%ggﬁgg from RZPD)
and |ikevhsebesoneondbt bohbefexptassgoanvéchotvpcbdABatigshngt t he
interfaces Hndlll and Notl ("pc-mamp-w", SEQ ID NO 15, GenBank

Accessi ont NanbERT 220728995 . atheERihgarHe tRAPPEFPRa BXBFEssion In order to
quantify LhostHEIDKEOS EXBrE8sLelc BUBRB.sHI29%neckbeqper echhanstect ed with

t he respect pression constructs an e anount protein in the
cell s andlangé¢he tééhtiodiurelsupednat ant awhsemeasur eddbyiomedns of

commercial ELISA test kits, 1.5 x 105 hgnan IuTg carcinong cglls (H1299)
were seeded’ ﬁh?tYn BY gFfégFFFEyPPﬁPé dPEhES-and"Fransfett §%24 hour s
later by eslciyaxphesppaterpvechibhligbbsn Wrhh 4810p911i0hekheiparhespondi ng
expression plasm d. The cells and <cell culture supernatant were harvested
48 hours @fPerandhBipranstedli sareThetaiandf écordlvelitsogeneangsed as

descri bed _j n_Exanpl and_the.total ampunt otein of the cell lysate
was deterﬁ?ﬂ%ﬂr%ﬁPﬁgtég igggaa°p¢§féiﬂPh%ﬁﬁgé%piﬁ%%?u%?ﬁec%?ﬁF%ﬁﬁgtituents
Were renoygdphirpartbes eebhreubt erglsupennanant ghy gtaabeif ugsttion at 10000 g
or 15 mnutes at 4C. From 1-5 pg total protein fromcell |ysates as well
as (293T) and HAMs F12 (CHO) with L-glutamine, 10%
inactivated fetal bovine serum, penicillin (100 U/ml) and
streptomycin (100 pg/ml). The cells were sub-cultured in

a ratio of 1:10 after confluence was achieved.

The establishment of stably transfected cells was carried
out according to the manufacturer’s instructions. 2.5 x
10°> cells were seeded out in 6-well culture dishes and
transfected 24 hours later by calcium phosphate co-
precipitation (Graham and Eb, 1973) with 1.5 pg transfer
2 plasmid and 13.5 pg p0OG44. Cells were selected up to a
ratio of >90% GFP positive cells with 100 ng/ml
hygromycin for 293T and 500 pg/ml for CHO cells. The
number of GFP positive cells was determined for all cell

lines by means of conventional flow cytometry analysis.

Determination of the GFP expression

The expression of the reporter constructs was determined
over a period of 16 months by regular measurement of the
GFP-mediated green autofluorescence in a flow cytometer
(Becton-Dickinson). The data of the mean fluorescence

intensities are summarised in Fig. 2A (293T cells) and 2B



fromdiluted cell culture supernatants, the expression of M Plal pha was
checked in each case in a commercially obtainable ELISA assay (R & D
Systens) according to the nanufactures's instructions. The total anount of
39 detectable MPlalpha correlated with the nunber of CopGs in the reading
frame, in a conparable manner to the data of the GFP expression constructs

and p24 e Ss) con u T .are ised in Table 1. The
nunber of%g%ﬁsééggfg'pe?%%tﬁégFFognggggﬁgétw??gg%ghadgpagled eval uati on of
t he connegéioniovélihechevehtoin Baphessilonlvwheb bhernthberhofleCpGs W t hin
the coding region. A representative result of an eval uation by neans of

cyt oki ne ERRSATPBEBRORAT +ACFi Y1 tB. aTREABhABATBAFS " CEorPESPEAT YL 6Tt he nean
val ue of up (pgseendant7obraapbecti enobakeRearplipE Lhe enpty bars

represent the respective standard devia The ative protein anmounts
of two i ndepsndeat,twanhki entedticadshenbeonoéxpfebenent&episedoubl e bat ches)

referred to, ,the wild-type construct are listed in Table 1. These results
denonst r aE NG Red FOUMGERONT BROTRECHRGEeRECBRpFESVER GPEN the deorease

in CpG di gyel eohidesrandnd paRiKEd | naEeRsenceMRaredckackhe wild-type gene
and to the codon-optim sed genes, correlating with the additional

i ntroduct inkenfitycHaaohpievandradspetebs defertorabrifoa0-g0 t{RE38ddon

mat chi ng. _4Q _Tabl . Expressi,on c ari of rine M Pl al pha genes
Const ructa%%Q6l @g@gsg?lﬁgargg_ Qaeﬁﬁg*flrt%%@m TR mgucﬁb_‘mpg{%nam Pw 15
100% 4% 8tRe /€FrPRcABRM EJ0rDud¥e 9%eAcE. 88ulnCameM Be2dét8%r2a%ps 0. 93

pc-maM P 4 9 7% 33% 4 0. 93
fluorescence microscopy (Fig. 2C).

Since various causes may be involved in a decrease of the
GFP-mediated fluorescence (instability of the protein,
reduced nuclear export of RNA, lower transcription rate,
etc.) additional western blot analyses and quantitative

real-time PCRs were carried out.

For the protein detection by immunoblot, the stable
transfected CHO cells were washed twice with ice-cold PBS
(10 mM NayHP4, 1.8 mM KH;PO4, 137 mM NaCl, 2.7 mM KC1l),
scraped off in ice-cold PBS, centrifuged for 10 minutes
at 300g, and lysed for 30 minutes in lysis buffer on ice
(50 mM Tris-HC1, §H 8.0, 0.5% Triton X-100 (w/v)).
Insoluble constituents of the cell lysate were
centrifuged for 30 minutes at 10000 g and 4°C. The total
amount of protein in the supernatant was determined by
the Bio-Rad protein assay (Bio-Rad, Munich) according to
the manufacturer’s instructions. 2An equal volume of two-
fold sample buffer (Laemmli, 1970) was added to the
samples, and heated for 5 minutes at 95°C. 40 pg of
total protein from cell lysates were separated through a
12.5% SDS/polyacrylamide gel (Laemmlie, 1970),

electrotransferred to a nitrocellulose membrane and



pc-maM P 13 11 146% 5% 13 0.97 pc-maM P 42 13 246% 4% 42 0.72 * Percentage
nmean val ue of the ampbunt of protein from 2 tests (in double batches) in
relation to the total anount of prot®gin of the wild-type construct (maM P
wt) ** Standard deviation *** Codon adaptation index Exanple 3 Production
of human and nurine cytokine genes with different CpG contents In order to

be able t fi ' Ened
"ntor pr et et SRS uE PRt OO EH B LU EE- PR EF TRC=BEREONS TBRS Luman cw cor
gene, of Bheschemas) | 4rd5a geaecnadarpf HRP nhorpner &k €BFpgeneidabe¢h  differ

in the nunber G di nucl eot i des frgmthe wi | d- e gene, were

of ty
artificia??@p%%ﬁsggﬁk?%ﬁysiﬁ? sty l?&aﬁ%l@e?nénagsﬁ rel"eHE8 Fnt o t he

expr essi og y£e1Qf, PELDASid 4stogc1be Hpteebaces bhpdl Lhnandyhgtl. The
identification of the constructs, nunber of CpGs as well as the CAl val ues

are gi venthe dabi ef Pom Thiee ntiaC2otéaeurementim ndoacbdtbegaraces of the

w | d-type seguences ) d of t sequences mﬁzﬁ n altered nunber of CpG
G nuc Lo THECEEES v eriHho SRS T RET BoPSE L 0w SEIPBEREECa1n 23/ 24 and SO
ID NO. 4844919 SESENQAS05cThg; exdresskenreBst FHGIg were anplified

by neans of a polynerase chain reaction (PCR) using the oligonucleotides

hum p- 1 adetéeched-n Hugnpioe@ss hugneR, prouedlytanddaagrkdatinangm 1 and

magm 2 fr?Plcorggsponding cDNA cl ones (obtained from RZPD) and were cl oned
into the ex%'r ession vector pcDNA3.1, likew se using the interfaces Hindlll
and NotT ("pc-huM P-wt", GenBank Accessi on Nunber NM 021006, "pc-huGvw",
GenBank Accession Nunber ML1220, "pc-hulL-wt", GenBank Accessi on Number
BC018149, Inperderidp wEtar cEyiBa&k MeeesSSroRt NeRbaFtANLO%9989 with a

- quantitative real-time PCR (Light Cycler, Roche) was
carried out for the stably transfected CHO cells.
Cytoplasmic RNA was prepared from the cells (RNeasy,
Quiagen) and treated with DNase (500 U Rnase-free
DNase/20 pg RNA). 1 pg of the DNase-treated RNA was used
as a matrix for a reverse transcription (Random Primed,
p(dN)e, 1°° strand C-DNA synthesis kit for RT-PCR, Roche)
followed by PCR (RT-oligol and RT-oligo2). The resulting
PCR product was diluted and used for a light cycler (LC)
analysis (SYBR, Roche). As internal control, the RNA
amount of the hygromycin-resistance gene similarly
integrated into the cell genome was measured. The
results are summarised in Fig. 4. The RNA amounts of the
hygromycin-resistance showed no difference in all the
measured constructs (Fig. 4A for CHO cells and 4C for
293T cells). The results of the GFP RNA however
correlated very well with the results of the protein
expression (GFP fluorescence intensity). For the CpG-
deleted construct, after guantification of the light
cycler data an abproximately seven times smaller
cytoplasmic RNA amount was detected in CHO cells (Fig.
4B) and an approximately thirty times smaller RNA amount

was detected in 293T cells (Fig. 4D), compared to the



devi ation). Checking the cytokine expression In order to quantify the

cyt oki ne expression human cells were transfected with the respective
expression constructs and the amount3®f protein in the cell culture
supernat ant was neasured by nmeans of comrercial ELISA test kits. As
described in Exanple 2, H1299 cells were transfected transiently with 15 pg
of the conespondtdgsexpeessi on plasmd. The cell culture supernatant was
harvested for 48 hours after the transfection. Insoluble cell constituents
were renmoved fromthe cell culture supernatant by centrifugation. From
dilute<u§*aﬁ§déL§e supernatants the expression of human M Pl al pha , human
GWt CSF and IL-15 and nurine GW CSF was checked in each case in a

comer ci étgdwdtiomadf enuEldSAMipslalpi® gerSywithsdibfekbRtalpia; BD
Pharm ngen for, GMCSF and IL-15). In a conparable way to the data of the
aforenent??ﬁﬁﬁp%&pression constructs, the total anount of detectable

cytokinesrd e e Sehhpie speRnel &Nt 44iqCoELELREEdo M ERt herRHEDEr Of CpGs
in the reading frane.” The data are sunmmariséd in Table 2. A representative
resul t ofMaRl@lphaagénd bys nehbered e9taki he forwAzi sershswnfin Fig. 6. The

shaded bars correspond to.t mean _val ue of _t i ndependent .transfection
bat ches. GRT e EREE BhEt o baT s T an el BREF et r e8GRt T DeLSt Andara devi at | on.
The rel athye GG S it HFOAGI fhd NcACHg Catendr OB @ sbasgkent rbkansfection
experinment (in double batches) referred to the wild-type construct are

| i sted intiTaplRUrposS| ¢ aamine ca¢heé pequercefebniERampréng, these results
. ; : . . g i th th
hadi Lo I$f%ﬁ?$€%u§$ehgcﬁg$§SC{nwgéO{?égs%%%%gUS%&gP%ﬂggaé§R?ﬁ%£?§mﬁt hos

addi tiona ion sSuch not | are pe genes.
Jabl e 2: Nxpr£BshO&AcCAPAr teaRivg hoamss, using the codon choice

of human cells. In a first series of constructs the
accidentally formed CpG dinucleotides were removed
stepwise from the sequence, without however introducing
rare codons that would be expected to adversely affect
the expression. 1In addition a CpG dinucleotide-optimised
Miplalpha gene construct was produced, which contained
twice as many CpG dinucleotides as the codon-optimised
construct. In this case a deterioration of the codon
choice was intentionally taken into account, in order to
introduce as many CpG dinucleotides as possible.
According to the prior art it would be expected that this
gene construct would have a lower expression than the
codon-optimised gene construct on account of its poorer

codon choice.

These gene variants were constructed as fully synthetic
reading frames, using long oligonucleotides and a
stepwise PCR, and cloned into an expression vector. The
produced MIplalpha vector variants differed completely as
regards the level of expression of murine MIPlalpha. For
the person skilled in the art it could not be foreseen

that the variants with the lowest CpGs would be expressed



cyt oki ne/ chenoki ne genes Construct SEQ | D Expressi on* CpG No. CAI** NO
pc-huM P wt 21 100% 8 0.76 pc-huMP 43 17 393% 43 0.72 pc-huGMw 23 100%
10 0.82 pc-huGM 63 19 327% 63 0.70 pe-hull wt 56 100% 3 0.65 pc-hullL 21
52 313% 21 0.98 pc-muGMwt 58 100% 11 0.75 pc-nmuGM 62 54 410% 62 0.75 *
Percentage nean val ue of the ampunt of protein from in each case one

eXPer | MeMor L0, doUdl £ baLeRSS ool tn tELALLED LOut bepbobabopRHaLa! brot el n

of the corresponding wld-tfype construc enot ed Codon adapt ati on
i ndex 43 bfkampimcﬁe$$@duﬁttbﬁ Bf Phapbhsneepweshianr educednaliber of CpG

dinucleoti%ﬁﬁ to ncr ea ?e ex ress gn T@ nugleic a0|g gguence of the
pl asni d pcHNES: %v??? b%ﬂ aﬁa% uS2A As" 8t bRSi 5CFGrethe Br blificti on of a
modul ar | yp&eash ry}@igﬂe@l asMHei Arwhtkbtt hee nyohet robt PGendindcl eoti des had
been reduced as far as 8055|ble. The DNA sequence which codes for the

anpicillimﬁxtﬁm@tmﬂ%%ib eneufber) ohaSrSydineciear i ¢epr odbéel as described in

Exampl o LnofR9epubs £Lons-balgat be Lest Lisbion obnientoces Chaloand Bolll.

The nunber S connectionre rom i kew se,
the mltéoplenel ondoy shoecupsexetlest goed, ssynibetanalyysteongeructed, and
sub-cl oned using the restriction interfaces Sacl and Pnel, whereby the
number of SCPTRSHHS" Flalickldef FORPAICPBIMISTReIEW - pronoter (31 CpGs), the
BCGH pol yadenyl ation site (3 CPGs) and the pUC replication origin (45 CpGs)
were integrated unchanged into the

Variants of the murine Miplalpha gene that differ in the

number of CpG dinucleotides were synthetically
constructed as described in Example 1 and sub-cloned into
the expression vector pcDNA3.1l using the interfaces
HindIII and NotI. The artificially produced genes were
in each case matched as regards their codon choice to the
mammalian system. When removing the CpG dinucleotides no
rare mammalian codons were used, whereas when inserting
CpG dinucleotides above the number of dinucleotides that
are achieved with a normal codon adaptation, rare codons

were intentionally also employed.

The constructs that are codon optimised but provided with
different numbers of CpG dinucleotides, have throughout a
CAI value of more than 0.9 and differ only slightly. The
CAI values of the wild-type gene, as well as of the CpG
dinucleotide optimised gene (42 CpGs) have on the other
hand very low CAI values (below 0.8). According to the
prior art a comparable expression of the codon-optimised
genes would therefore be expected, though a significantly
lower expression of the wild-type gene and of the CpG
dinucleotide optimised gene. The identification of the
constructs, the number of CpGs as well as the CAI values
are given in Table 1. The nucleotide and amino acid

sequences are given in SEQ ID NO. 5/6 to SEQ ID NO.



pl asm d. The hygronycin-resi stance cassette was del eted. The CW pronoter
was cloned by PCR anplification with the oligonucleotides CW-1 and CW- 2,
which in addition added a Cal and a3%acl restriction interface 3' and 5'.
Ina simlar way pUC on-1 was anplified with the oligonucleotides on-1
(contains Xmal interface) and ori- 2 (contains Bglll interface), and the BGH

pol yadenyi ayi on @héeaM@§o§HEEiék?geﬁhﬁgntESankQQEUQkQQHngﬁePa 1 (Prrel)
and pa-2 (Xmal) CR, sub-cl oned using the corresponding restriction

enzynes. fﬁéepea5ﬁ1dOpaEBMBt)maerusepoaglagtEthBEeWﬁhdatwp@CR reactions.

The structure o s_shown_di agra [ Fig. 7A

(P sl | S5268n8% s nufeBRmb e JsohRdR s PO ARG, SRR ARG 55 a4 1n
order to ThyesbHgayeré§eohnihyenspl ofitheppunbensobs &pEB1ivhetrheevect or on
the level of expression of a transcript, the reference vector was nodified

so that i€hatpureaebiosedPER) coRinal theyobtRoRKBLEPEAEEFORANEPNE t he

0"90”“C'§8&'ﬂ§ﬁ1§ % f$m1aa?ﬁy%gé%gﬁéeﬁab%gkﬁgd'@rSQPF%Pﬁzsﬁ ynt roduced a

Nsil restriction ace a cl'eavage wi "&nd | i gati on,
t he hygronykemiséeslshachntaSSEétexpassseanvedctb@nptDHAplasmsdnchNAS
(see diagram 6B, "Pc-ref") he p24 capsid protein derived fromH V-1 was
used as F%@tlF?%ﬁgéF?EtHlWﬁéléoaPﬁgNPéélé \PEFMBBAPaFEeadyER. IDpr evi ousl y

opti i sedybor 1 6xPeeRsken ALcbUTREnoRlbBet Giathy18bogl. . 2000) vas anplified

by neans o using t ol 1 gonuc eotl es p24-1-and p24-2 froman H V-1
syngag construct (Gaf et al., 2000) and cloned into the two conparison

vect ors ugj the terface ndll|l and.Barn H ("R p24" and "s/p24").
Checki ng é%%g¥#%gl €?4&é§£?%§£?o XPReFEPBrent vector backgrounds
- In order to guantify the chemokine expression, human

L

Fgr

H1299 cells were transfected with the respective
expression constructs and the amount of protein in the
cells and in the cell culture supernatant was measured by

means of commercial ELISA test kits.

1.5 x 10° human lung carcinoma cells (H1299) were seeded
out in 6-well cell culture dishes and transfected 24
hours later by calcium phosphate precipitation with 15 pg
of the corresponding expression plasmid. The cells and
cell culture supernatant were harvested 48 hours after
the transfection. The transfected cells were lysed as
described in Example 1 and the total amount of protein of
the cell lysate was determined with the Bio-Rad protein
assay. Insoluble cell constituents were removed from the
cell culture supernatant by centrifugation at 10000 g for

15 minutes at 4°C.

From 1-5 pg total protein from cell lysates as well as
from diluted cell culture supernatants, the expression of
MiPlalpha was checked in each case in a commercially
obtainable ELISA assay (R & D Systems) according to the

manufacturer’s instructions. The total amount of



In order to check the influence of the CpG nunber in the vector fromthe
expression of the transcript, the constructs R p24 and s/ p24 were
transiently transfected into human cePls and the expressi on of p24 was

anal ysed. As described in Exanple 2, H1299 cells were transfected
transiently with 15 pg of the corresponding expression plasmd. Cells were
har vest edddBebbabiecafieiafiihpba tpamnsfietedonithheher ansbect ed Cpldss were | ysed

as described in Exanple_1l and the total a nt _of protein._in he

Super nat aht VRS TECGrAPNEG=IF hibnE BPOPRAGCLPoPEPHE sty o480 ng of
total propei phéreepcekpbrb¥sabgscwacertieskednas prdesshirbediion Exanple 1 in a
western blot analysis with a nonocl onal p24-specific antibody, 13-5 (Wl f

et al., <¢998%rpFtg. 8Yhe| dataoarpadeprendsasedr ansTeblleon -baflblges a markedly
hi gher p24 expression s. detected.after - transfection _of the smallsyn
Constr uet ELrBsas T CRPE e o EoE v Ao ioheRbs GCHALAIE At GpG cont ents
Two vari antsa0ietiheveapstedonr efetRegenanp24idar ofedher amyehll ¥£1, which
differ in the nunber of G di nucl eotides, were produced. The syn p24 gene
had 38 CpEEPraREieBsWihE ChR4REHELHefé RRESNYLIEHEE. tike cepdn@epl et ed gene
p24ACpG Ee@ﬁﬁﬁ? artificially constructed as described in Exanple 1 and
cloned into”the expression vector P-smallsyn (described in Exanple 4)

("s/ p24ACpG') and into the reference vector Pc-ref ("R p24ACpG') using the
interfaces H ndill and Bam Hl . _The _nucl eotide and anmino acid sequences of

p24ACPG aﬁerﬁPﬁéﬁePﬁaéﬁﬁflEﬁﬁEﬂtzéﬁz?P SYR&UBILASH &Y REARE Rhd s/ p24, which
are describedyife EXBRI €s4shWRheiHSEdas st ef ehanee gepshEyat s. Checking the
H V-1 p24 expression In order to check the influence of the CpG nunber in
Jhe r.. correspond to the mean value of two independent

transfection batches, while the empty bars represent the

respective standard deviations.

The relative protein amounts of two independent transient
transfection experiments (in double batches) referred to
the wild-type construct are listed in Table 1. These
results demonstrate a marked reduction of the protein
expression with the decrease in CpG dinucleotides and a
marked increase compared to the wild-type gene and to the
codon-optimised genes, correlating with the additional
introduction of such motifs and despite a deterioration

of the codon matching.



vector and in the insert (transcript), the constructs R p24, R p24ACpG

s/ p24 and s/ p24ACpG were tranfected transiently into human cells and the
expression of p24 was anal ysed. As d&&cribed in Exanple 2, H1299 cells were
transiently transfected with 15 pg of the correspondi ng expression

plasm d. Cells were harvested 48 hours after the transfection. The
transfect®Bablells Vigerdysish asomplesisohedst | mukmaMEPlabpHat §enkst al anount
of proteinin the |ysate was determined with the Bio-Rad protein assay. 46
50 pg of tot al prot e| n from ceII Iysat es were checked as descrl bed in
Exampl e Todhn x5 N 5 T
anti body 13- 5 for t he expreSS|on of p24 (Flg 9A) As was already shown in
Exanpl e 4, the use oNOthe CpG—deIeted vector P—snallsyn in the i denti cal
transgene ] FE
s/ p24). rrpa?dabl y to the dat a of t he GFP and cytokr ne/chermkl ne expression
const ructes-maMéP Qnouft of debéctable p24°%n the celP lysate,0u¥d ng the

i denti cal ackground, gerrel ated t he nunber of in the
readi ng fr%?r%h?%o?rpar ?son R/2§f and R/ - p;\%zg(llpG as well as s/ g%and

s/ p24t CpGc-mENéPdéat a Were conbirnmed in a3pR4-speciféc ELISA €%t (Fig. 9B).
The con%&r PI@AEQ 38:CpGs (pZ24) had a cge 2.5 tinegz(Pc-refy opr ca. 25%
(P/smal | syn) [arger amount of p24 than the construct mnthout CpGs (p24
DcpG . ThecmaddPt é2aré3 illusébbed in Fidg®d 9. The cHdZrel ati obh- & the
protein T J i i

denonstrated in the Exanples nentioned here. The sel ected genes are derived
from such* di f B¢ et ntos ganhsas aslae | ef | yhé stmoanhuodnprpathngenbr virus, and
Jmammals. It is therefore obvious to regard this mechani smas generally

Valid The teXefmplis %%%h%t?%’t%h?%rth%rh%r%t%%tt? htRecbpEatation in

amount of protein of the wild-type construct (maMIP wt)

* ok Standard deviation

*** Codon adaptation index

Example 3

Production of human and murine cytokine genes with
different CpG contents

In order to be able to further confirm the hitherto
obtained results and interpretations, variants of the

;w human MIPlalpha gene, of the human GM-CSF gene, of the
human IL-15 gene and of the murine GM-CSF gene, which
differ in the number of CpG dinucleotides from the wild-
type gene, were artificially constructed similarly to
Example 2 and sub-cloned into the expression vector
pcDNA3.1 using the interfaces HindIII and NotI. The
identification of the constructs, number of CpGs as well
as the CAI values are given in Table 2. The nucleotide
and amino acid sequences of the wild-type sequences (wt)
and of the sequences with an altered number of CpG

dinucleotides are given in SEQ ID NO. 17/18 to SEQ ID NO.



vitrois valid both in the case of a transient transfection as well as in

stabl e reconbinant cells. The nethod described here, nanely to alter in a
targeted nanner the gene expression in eukaryotes by targeted nodul ation
of the CpG dinucl eotides, both in the coding region as well as in the
vect or background, may consequently be used for the production of

Desoripti 6/5¢ GRE SBuGNoRD 14 oq o Shurbor LakD 4 /S0 | Tifeni i cation

Descripti
Sequence &xpredsiohDcbRst rd@thuGel=l aPATAASHT FGCRRAGRATEET GAGCAAGEECGA G 29
huGFP- 2 AGTAGGATCCTATTACTTGTACAGCTCGT 30 RT-ol i
RT- ol i go2PCATUFTEGAAGTNEACCTEGATEOB2 (MEm) pusing t

CAGGTACCAA TAT CCACT cCT CATGAAGACTAGCCATTCAGIT 33
o BRI LS TR AR AR P AT or GE TR GRACCTER 2

CAGAGCT CCAG] CAT GAAGAGTACTCCTHGARI G 232 hdgm-2 GebeCefBec3® dmdtingr 1

CAGTACCAAGCTTATGCAGGTICTCCACT GCC CAGA CGAGICATGAAGACTAGCECACTCACCT 37

mani p- 2

humi p- 2 CCREETCACTES ACTREETRECATCTPRARET PATEDACATCETGEANET8 154 it HGAACATCCA

TCAAGAGCTggéglg@ﬁggcyégIégAggﬁﬁggT1,3%i&%@iéeGEEQEEG{ggcinterfaces

e

HindIII and Notl (“pc-huMiP-wt”, GenBank Accession Number
NM 021006, “pc-huGM-wt”, GenBank Accession Number M11220,
“pc-hull-wt”, GenBank Accession Number BC018149, “pc-
muGM-wt”, GenBank Accession Number NM 049969 with a

deviation).

Checking the cytokine expression

In order to quantify the cytokine expression human cells
were transfected with the respective expression
constructs and the amount of protein in the cell culture

supernatant was measured by means of commercial ELISA

test kits.

As described in Example 2, H1299 cells were transfected
transiently with 15 pg of the corresponding expression
plasmid. The cell culture supernatant was harvested for
48 hours after the transfection. Insoluble cell
constituents were removed from the cell culture

supernatant by centrifugation.

From dilute cell culture supernatants the expression of
human MIPlalpha , human GM-CSF and IL-15 and murine GM-
CSF was checked in each case in a commercially obtainable
ELISA assay (R & D Systems for MIPlalpha; BD Pharmingen
for GM-CSF and IL-15). 1In a comparable way to the data
of the aforementioned expression constructs, the total

amount of detectable cytokines in the culture supernatant

%OI CCCTGAAGITCATCTGCACC 31
e



CAAAGGTACCGTTAATCGATGITGACATTGATTAT 40 CWwW-1 TGACTA 41 CwW-2
GAATGAGCTCTGCTTATATAGACC - GICAGCCGGEGTAGTGAATTCATGTGAGCAAAAGG 42 on-1 C
GATCTTTTCTACGGGAGATCTGTCAATCGATAGC  43,0n-2 T
GITAGAGCTCCAGTGTTTAAACCTGTGCCTTCTA 44 pa-1 GITGCCAG
CAAACCTACCGATACCCGGGECCATAGAGCCCAC 45 pa-2 CGCATC
TCAGATGCATCCGTACGITAACATGTGAGCAAAA 46 ref-d 1 GGCCA 47 ref-dei-2
ACWCATGCA?eéﬁ?A@ﬁ@éC@%géGéﬂ?C@E@ReI4§fh&ﬂ 51% the re;g%%g frame.

CAGGT. C;
L 2 TOMEATTIEC 1S GG ROARBCT TAT BCeCALACAANACS 20 g £ C.

CAGACGCTCGAESCGATGAAGACTATRTTAaGECETBY Bk amesg 2 oEPKENEGELIZA .1 s

Pol ypepti de-codi.n se uences. and. vector sequences S IDNO | + 2: &CpG
-GF%p(ﬁucﬁgpgna&Pg iggolypeip déyaded barsqcorrespon Qto the mean <

ATCGTGT CC%@@@G@%G%@CI% GASHECT ST SeCA F T lpatehes, while the
GGT GGAGCT GGAT GGGGATGT GAA CAAGTTCICTGTGICIGG 40

GEACEEEEAE@EEEAE@CSA@SPA?S@ﬁAA@CFCA@B@F@AAGFT@Aandard deviation.

T CACCTAT SO AT CETT CREEACAT RCOLRACERCATER c2se from 2

AGCAGCATGAGCEGT EeAAGCTEhGEeATEeRT 64 B@TQ@ﬁG@ouble batches)
AGAGGACCATCT TCTTCAAGGATGATGGCAACTACAAGACCAGEECT
referred to the wild-type construct are listed in Table

2. Similarly to the results from Example 2, these
results too confirm a marked increase in protein
- production, correlating with the additional introduction

of such motifs, compared with the wild-~type genes.

Table 2: Expression comparison of human

cytokine/chemokine genes

Construct SEQ ID Expression* CpG No. CAT**
NO.
pc-huMiP wt 21 100% 8 0.76
pc-huMiP 43 17 393% 43 0.72
pc-huGM wt 23 100% 10 0.82
pc~huGM 63 19 327% 63 0.70
S pc~-hull wt 56 100% 3 0.65
~ pc-hull 21 52 313% 71 0.98
pc-muGM wt 58 100% 11 0.75
pc-muGM 62 54 410% 62 0.75
* Percentage mean value of the amount of protein from

in each case one experiment, in double batches, in
relation to the total amount of protein of the

corresponding wild-type construct (denoted wt).

** Codon adaptation index



45 AGGTGAAGT TTGAGGGEEGATACCCT GGT GAACAGGAT TGAGCT GAAGG
GCATTGACVAAGGAGGATGGCAATAT CCTGGEGECCACAAGCT GGAGT
ACAACTACAACAGCCACAATGT GTACAT CAT GGCAGALCAAGCAGAAGA
ATGGCATCAAGGT GAACT TCAAGAT CAGGCACAACAT TGAGGATGECT
CTGTGCAGCT GGCAGACCACT ACCAGCAGAACACCCCCATTGGAGATG 54
GCCCTGT CAACCACTACCTGAGCACCCAGTCTGCCC
TGAGCAA T GAGAAGAGGGACCACATGGTGCTCCTCGAG

TTTCTGACAR(J &R P A TE AR P Lkl d GaMASE 6d0684Cnubérse£: 86Q | D NO. 3 + 4:
huG-P (nucl ei c_acid_+ pol ypeptide)

AT GGT GAGCRmmr e TERCrEREEsTHoT GExpPAgesfon
COCAGCOCAC B AT OCALC TACE EARGCT CAOCE TARF T

o di d pcDNAS

AT CT GCACCAGSHCAAGET G SR TARCL AR 3 CEd GACRe Sproduction of a
ACCTTCACCTACEECGTGCAGTGCTTCAGCCGCTACCCCGACCACA G

AAGCAGCA q@cﬁt@@{%@ﬂé\c@fm@he number of CpG

GGGCATCGAWH@WWA@JMW@ 11in resistance
AGT ACAACT ACAACAGCCACAACGT CTATATCAT GGCCGACAAGCA
AGAACGGCATERAGETEANCTI EARCATEEBEEA MCWT@@E%&O@S described in

OSSO A TACT AT 1"

GAAGCBEEAT CACATEGTOEFEETof  CpGs was in
GGAGTTCGT COGCCGCCGEEAT CA CTC%G?AT CAAGTAA 10 r.. SEQID
NO. 5 + 6:° Cﬁh?.ﬁ%mi\‘ﬁﬁé%hae MERtct 8P %GA quowgswae

ATGAACGT G%@éﬁ gmgg@é\%g%g@ynthetlcally
CTGTGCAACCA TCTCT TATGGAGCAGATA
GCCTGCTGTaTCASOTACAGCASBAASAT OCODASECASTIGATIST Gest rict ion

TOACCAACAEANCAEEACATET GTCCACACACOUREREACATEG ber of CpGs was

reduced from 11 to 1. The CMV promoter (31 CpGs), the

BGH polyadenylation site (3 CPGs) and the pUC replication
origin (45 CpGs) were integrated unchanged into the
plasmid. The hygromycin-resistance cassette was deleted.
The CMV promoter was cloned by PCR amplification with the
oligonucleotides CMV~1 and CMV-2, which in addition added
a Clal and a Sacl restriction interface 3’ and 5’. 1In a
similar way pUC ori-1 was amplified with the
oligonucleotides ori~1l (contains Xmal interface) and ori-
2 (contains BglII interface), and the BGH polyadenylation
site was amplified with the oligonucleotides pa-1 (Pmel)
and pa-2 (Xmal) by PCR, and sub-cloned using the
corresponding restriction enzymes. The plasmid pcDNAS
was used as a template in all PCR reactions. The
structure of this plasmid is shown diagrammatically in
Fig. 7A (“P-smallsyn”), and the complete sequence is

given in SEQ ID NO. 25.



GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG SEQ ID NO. 7 + 8: nurine

M Pl al pha-2, cpc(nucleic acid + polypeptide)

ATGAAGGT GAGCACAACAGCT CTGGCCGTGCTGCTGI43TACCATGACC

CTGTGCAACCAGGTGT TCTCTGCCCCTTATGGAGCAGATACCCCTACA
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGITCATCGTG zs
GACTACTTT%WQQTQ@\GQQ%T@HQTJ@ the number of
TGACCAAGAGGAACAGGCAGATCTGT GCAGACAGCAAGGAGACA
GTGCAGGAGMﬂE$JIm(Fh?(lﬁtl@(lnm¥WWQIIE¥@i3@fSE§PrESBEPn90£ 20: nurine

M Pl al pha-4cpci_(nucl ei ¢ acid + pol ypeptide e .
AT CAACOT AR AT bR T T ACCM g f1ed S0 that it
CTGT CCAAG A G d G §d 8 IMERCCABATREREAACAf i cat ion using the

GCCTGCTGT TTCAGCTACAGCAGGAAGAT CCCCAGGCAGTTCATCGTG 51
GACTACT T TEAGNIOACCATIOETET Ga CTEALCE TaGTEATéT ¥ 7€, which in each

T OCACCAGTACAT A AT T oA LT AT GRS T REFo11F 185 Rl ne

M Pl al phaed3Cp&a £ svigdei eiali Ms+I pahypepyatedn, the hygromycin-
ATGAAGGT GAGCACCACAGCT CTGGECTGTGCTGCTGTGCACCATGACC
amm@@m@n@m@eﬁﬁmmmﬁmmw plasmid pcDNAS
GE@%%% TAC CCCEACGCAGTITCATCGIG i o
GACTACTT X/ AGCCCGGCGTGATCTTC
CTGACCAAGCGGAACAGACAGAT CTGCGCCGACAGCAAGGAGACATG
GGTGCAGGAGTACATCACCGACCTGGAGCTGAACGCCTAG. 55 SEQ ID NO 13 + 14: nurine
M PIaIphaTﬁ?C?%ﬁ(ﬁ%%?%?cpéﬁ?%lq ﬁ%F%ﬁ%ﬁtfﬁ%T HIV-1 was used as

ATGAAGGT G, @5@%@@% &E p24 alread
\GCTGTGCAACCAGGT G TCA ceecc%e%% LS p24 already

CCGCGT CCTIRGTCTCSIACTICEDEERFAEAT CCORISEEASTTCATCGhuman cells (Graf

eI T S SRR #6c woing ene
TCCGT CCAGA] A LAGACETORNACTEAACE BT AGE r SEQ W DiNR-1559nd8g nurine M P1
al pha wild-type (7 cPG (nucleic acid + polypeptide) 2s

ATGAAGGT GTOTACOACT GUECTT GEF GTT CT TETCT GTAGEATBATAE into the two
CCTOCT GO RGO AEAT T ACCLARTTCATCETT QAT 11 and Bam KT

(“R/p24” and “s/p24")

Checking the HIV-1 p24 expression in different vector
backgrounds

In order to check the influence of the CpG number in the
vector from the expression of the transcript, the
constructs R/p24 and s/p24 were transiently transfected

into human cells and the expression of p24 was analysed.

As described in Example 2, H1299 cells were transfected
transiently with 15 pg of the corresponding expression
plasmid. Cells were harvested 48 hours after the
transfection. The transfected cells were lysed as
described in Example 1 and the total amount of protein in
the supernatant was determined with the Bio-Rad protein

assay.



CTATTTTGAAACCAGCAGCCTTTGCTCCCAGCCAGGTGTCATTTTCCTG
ACTAAGAGAAACCGGCAGATCTGCGCTGACTCCAAAGAGACCTGEGTC 30
CAAGAATACATCACTGACCTGGAACTGAATCGCCTAG 8BQ I D NO. 17 + 18: hunan
M Plal pha-43cGG (nucl eic acid + pol ypeptide) 52

ATGCAAGT GTCGACCGCCGCT CTCGCCGT GCTGCTGT GCACGATGEC

GCTGTGCAA g¥ @ggcgggéEE§F§§@9C@% es were tested as
CCGCGTGCTGCTr CTCGTACACGT GATCCCGCAGAACTTCA
TCGCCGACTAEFTCLEAEACGTCEREBCAET CCLEGAAGECGABDGPGAtS analysis with a

CAGT OG0T GRACARETACGT EACCERCCT CARACTCABLEGET A SSEBIS 6 1o+ 26:  human

Gt CSF- 63@9@06“%@%§708§C'dIﬁ @QBYH%@%E@%Hen%Otransfectlon batches
ATGTGGCTGCAGT GCTCGGAACCGT GITCGATC

AGCGCGCCTaCBatr AbrChTeheCGPedAE8pASssSEraGeAGCdetected after

AT ACAGOCBECEACAT CARCCACACCET CLAGGT AT CRGCEAGAT 15/924)

GTTCGACCT GCAGGAGCCGACGT GCCTGCAGACGOGECTCGAACTGT
ATAAGCAGGECCT COGOGRCT CGCT CACGAAGCT GAAGGGCCCGCTC
ACGATGATGBEetuctAerACAABENCRRET gereschaihcddEfgrent CpG contents

CCTGARGEACT T LT GET BT GATCOCET TR T GOAGCEECT P34 BRAERETAG 8Eq 1 D ha

21 + 22: muven, MyvRighpha fiflelrd ity pée( 8GpGk r( BifClCRiGe daaiud 1totpaleynept i de)
ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGECT 25
CTCTGCAACERESTREPERCPECACERET FERTRETGECACGhEdACE CpGs, whereas the

GTGACT AT ARG R UOAGT CCT ERACCULRGT Y CATER ¢ gome p244CpS

TCCTAACCAA@AGA@G@@@@@A@@CE&@@T@@@@@CA@T@@@@A@bed in Example 1
TGGGTCCAGAAATA GTGACCTGGAGCTGAGTGCCTAG 30 SEQ ID.NO. 23 + 24: human
GM CSF wi Pa%t § 8“(3?0625@}3 (RECPEPEESSHA™: VesbPypEptTae) SYn
ATGTCECTCraee e e G L AP G GO bemtEeATCand into the

reference vector Pc-ref (“R/p24ACpG”) using the
interfaces HindIII and Bam HI. The nucleotide and amino
acid sequences of p24ACpG are given in SEQ ID NO. 26/27.
The plasmids R/p24 and s/p24, which are described in

Example 4, were used as reference constructs.

Checking the HIV-1 p24 expression

In order to check the influence of the CpG number in the
vector and in the insert (transcript), the constructs
R/p24, R/p24ACpG, s/p24 and s/p24ACpG were tranfected
transiently into human cells and the expression of p24

was analysed.

As described in Example 2, H1299 cells were transiently
transfected with 15 pg of the corresponding expression
plasmid. Cells were harvested 48 hours after the
transfection. The transfected cells were lysed as
described in Example 1 and the total amount of protein in

the lysate was determined with the Bio-Rad protein assay.



53 TCTGCACCCGCCCGCT CGCCCAGCCCCAGCACGCAGCCCTGGGAGCA
TGTGAATGCCATCCAGGAGGCCCGECGTCTCCTGAACCTGAGTAGAGA
CACTGCTGCTGAGATGAATGAAACAGTAGAAGT CATCTEAGAAATGTTT

GACCT CCAGGAGCCGACCT GCCTACAGACCCGCCTGGAGCTGTACAA

GCAGGGECCT GCGGEECAGCCT CACCAAGCT CAAGGGCCCCTTGACCA
TGATGGCCAGCCACTACAAGCAGCACTGCCCTCCAACCCCGGAAACTT
CCTGTGCAACCCAGATTATCACCTTTGAAAGT TTCAAAGAGAACCTGAA

GGACr TCTGRT Tiey GAT CESX T TEAST 0T GEACEAGT CUMSR e s GlAEei Bhebke8ERsI D NO. 25!
P-smal I syn (nucleic, acid sequence of the plasmd ) )

ATGGATGT TERERITed T: M@WQTAW%A?A@%M@MM nalysis with a

e AT S R o SRR AR '
CGGTAAAT GA%@%%% A@%&s the expression
ACGT CAAT AMT GADET ATGT T CHICAT AGTAACEECALT AGBEASHIFECin Example 4, the

ATTGACGTCAAT GTATTTACGGTAAACTGCCCACTT
ACATCAAGTETRA ﬁ\%iii%cftﬁ‘i\

GGTMATG%%I%MJMWM%@@I@@% 24 _production
TTTCCTACT TGRCAGT ACAT CTACGT AT TAGT CATCGCTAT TACCATGGT 20
GATGCGGT TTTGACACTACATRAAT CGB0GETSATACCGETINGACTOLY to the data of

$GGCACCL;%§F@§§%CEE§A TTGA T %g%%%g%%ﬁ constructs, the

GI
SR in the identical

CAT T GACCCANAM SR AELASGT A Qﬁ&%%ﬂtg@IfT ate, using the
GCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCTA 25
AATTAATACGASTGACTA TARCCTICEraGAwith the number
TATCAGGGAT CAGCT TCCAGITTAAACCTGTGCCTT
GTAGTTGCC%%%I‘HT E,G”?er G T R/24 and R/-
CCTCCAAGH L AAST COEAI G A TI CETAATAAAATEALRAPAT] The data were
GCATCGCATTGTCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTG 3D
GGGCAGGACATTTANTESGNCCATT CARREACALT ABEASECRFeL (Fig. 9B). The

TGGGGAT TT. )
AAAGGCCA A AT AR AACCO T COTRRE, 2+ 5 times (Pe-ref)

GITTTTCCATAGET CEEXCCRER SATERICAT CACAAASAI CRACEF 5824 than the
construct without CpGs (p24 DcpG). The results are

illustrated in Fig. 9.

The correlation of the protein production with the number
of CpG dinucleotides could be demonstrated in the
Examples mentioned here. The selected genes are derived
from such different organisms as a jellyfish, a human
pathogenic virus, and mammals. It is therefore obvious
to regard this mechanism as generally wvalid. The
examples demonstrate furthermore that this correlation in
vitro is valid both in the case of a transient
transfection as well as in stable recombinant cells. The
method described here, namely to alter in a targeted
manner the gene expression in eukaryotes by targeted
modulation of the CpG dinucleotides, both in the coding
region as well as in the vector background, may
consequently be used for the production of biomolecules

for biotechnological, diagnostic or medical applications.



CTCAAGT CAGAGGT GGCGAAACCCGACAGGACTATAAAGATACCAGGC
GTTTCCOCCCTGGAAGCTCOCTCGT GCGCTCTCCTGT TOGCGACCCTGCC
GCTTACCGGATACCT GTCCGCCT TTCTCCCT TCGGGAAGCGT GGCGCT
TTCTCATAGCTCACGCTGTAGGTATCTCAGT TCGGTGTAGGTCGTTCGC
TCCAAGCT GEGCTGT GTGCACGAACCCCCCGT TCAGCCCGACCGCTG
CGCCTTATCCGGTAACTATCGTCT TGAGT CCAACCCGGTAAGACACGA
CTTATCGCCACT GGCAGCAGCCACT GGTAACAGGAT TAGCAGAGCGAG
GTATGTAGR SRR e i TEh POEIRRIRECCTAACTACGG

CTACACTAGAA AT TICCT ATET GOGCTCTGCTGAAGCCAGT T
ACCTTCGGAAAAAGAGT TGGTAGCTCT TGATCCGGCAAACAAACCACC
GCTGGTAGCGGTGGTTTTTI TGTTTGCAAGCAGCAGAT TACGOGCAGA

AAAAAAGCGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGAGATCTGT
CTGACTCTCAGI GGAACCAAAACTCATGT TAAGECGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGT T 15
TTAAATCAATCTAAAGTATATATGAGT AAACT TGGTCTGACAGGT TAACT
TACCAATGCTTAATCAATGAGGCACCAATCTCTGCAATCTGCCTATTTCT
CTCATCCATGGT TGCCTGACTGCCTGT GGTGTAGATAACTACAATCCTG
GAGGGCTTACCATCTGECCCCAGT GCTGCAATGATACCT CTAGACCCT
CTCTCACCTGCTCCAGATTTATCTGCAATGAACCAGCCAGCTGGAAGG zo
GCAGACCTCAGAAGT GGTCCTGCAACTTTATCTGCCTCCATCCAGTCTA
TTAATTGI TGTCTGGAAGCTAGAGTAAGCAGT TCACCAGT TAATAGTTT
CCTCAAGGTTGT TGCCATTGCTACAGGCATGGTGGTGTCCCTCTCATCA
TTTGGTATGECTTCATTCAGCTCTGGT TCCCATCTATCAAGCCTAGI TA
CATGATCACCCATGI TGTGCAAAAAAGCAGTCAACTCCTTTGGTCCTCC 25
AATGGT TGTCAAAAGTAAGT TGECAGCAGTGT TATCACTCATGGTTATG
GCAGCACTGCATAATTCTCUACTGTCATGCCATCTGTAAGATGCTTTTC
TGTGACTGGACTGTACTCAACCAAGTCATTCTGAGAATAGTIGTATTCTT
CTACCCAGI TGCTCTTGCCCAGCATCAATTCTGGATAATACTGCACCAC
ATAGCAGAACTTTAAAGGTGCTCATCATTGGAAATCTTTCTTCTGGTCTA 30
AAACTCTCAAGGATCTTACCAGAGT TGAGAT CCAGT TCAATGT AACCCA
CTCTTGCACCCAACTGATCTTCAGCATCTTTTACTTTCACCAGGGITTCT
GGGTGAGCAAAAACAGGAAGGCAAAAGGCAGCAAAAAAGGGAATAAG
GGCAACTCTGAAATGI TGAATACTCATAGTACTACTCTTCCTTTTTCAAT
ATTATTGAAGCATTTATCAGGGT TATTGT CTCATGAGCGGATACATATTT
GAATGTATTTAGAAAAATAAACAAATAGGEGTATGCATTCAGCTCACAT



TTCCCTGAAAAGT GCCACCTGAAATTGACT GATAGGGAGT TCTCCCAAT
CCCCTATGGTGCACTCTCAGTACAATCTGCTCTGATGCCTCATAGTTAA 5
GCCAGTATCTGCTCCCTGCTTGTGTGT TGGAGGT CACTGAGTAGT GGG
CTAGCAAAATTTAAGCTACAACAAGGCAAGGCTTGACCTACAATTGCAT
GAAGAATCTGCTTAGGGTTAGECCTTTTGCACTGCTTGGAGATGTACTG  GCCAGATATACTA 10 SEQ I D
NO. 26 + 27: p24ACpG (nucleic acid + pol ypeptide)
ATGGT GCACCAGGCCATCAGCCCCAGGACCCTGAATGEETGEGTGAA
GGT GGT GGAGGAGAAGGCCT TCAGCCCTGAGGTGATCCCCATG CTC
TGCCCTGT CT GAGEGGEGCCACCCCCCAGGACCT GAACACCATGCCTGAA
CACAGT GGGGEGEGCCACCAGGCT GCCATGCAGATGCTGAAGGAAACCA 15

NO. 62 + 53:

CTAC

TCAATGAGGA CrarEreYaY GIGCATGCTG
GCCCCATT CAGAT GAGEG GGGGCTCTGACATT
GCTGGCACCA! CCCT GCAGGAGCAGATTGGCT GGATGACCAAC
AACCCCCCCAT 5T GGGGGAGATCTACAAGAGAT GGATCATCCTG
GGCCTGAACAAGATTGTGAGGATGTA GCAAGGGCGA
ATCAGGCA SETTCA CTATGTGGACAGGTT
CTACAAGACCCT %GGAGGFGMGA
GGATGACAGAGAC@ST GAMIGTARGATCETATTACRRGEACAGCTCGT
@ATWWG@@@TGWW%TQ&%
ACAGCCTGCCAGG > 5—GTAA—SEO+D-
human | L- 15- 2 QWA E R AR R L GATE A AT CCAGT
CTGTGCCTGCT GOBRAARA@BPATT TCT ARG ALCAAGEITATCAAGBTCTCCACCACTGC
.GTGTTTATCCTGIXTETTCTCTOC COTOB B RTCAAGACTAGGCATICAGTT
AACT@GTGAACGmTtmmTG%%% GGACCTGATC
CAGAGCAT GCAGATCGALGCCACCCTGHEE! NCOCACCTEEAG
CCTAGCTGTAAGGBAACK T GAAGTCABRIALCARSEIIATGIRSGEGCAGAGCCTGC
GTGAT CAGCCT GGAGAGEGGOGAT GCCAGBGACCTCORGTTASIGAXGACTACTCCTGGACTG
GAACCTGATCAT @ﬁGGMZACAQELWCGGCAATGT
GACCGAGA f:{"A r‘IC‘T{\J\ a \'W ] ACAACAACA.
TCAAGGAGTTCCTISBAGNEPAGT GCACA FERASGT CTCEABTRETERG
CAGAGCTCGAGTCATGAAGACTAGGCACTCAGCT
37 {humip-2
CCAGGTCACTG
" ' " ACTAGGTACCATCTAAGCTTATGCCCATCGTGCA
P GAACATCCA
A TCAAGAGCTCGACTGGATCCIATTIACAGCACCCT
P GGCCTTGTGGE
CAAAGGTACCGTTAATCGATGT IGACATIGATTAT
40 |CMV-1 .
TGACTA
41 |CMV-2 GAATGAGCTCTGCTTATATAGACC .
o » GTCACCCGGGIAGTGAATICATGTGAGCAAAAGG
Lo on-
o
i - GATCTTTICTACGGGAGATCIGICAATCGATAGC
Oof~,
T
" 1 GTTIAGAGCTCCAGTGTTTAAACCTIGTIGCCTICTA
pa GTTGCCAG
5 loas CAAACCTACCGATACCCGGGCCATAGAGCCCAC
P CGCATC
) TCAGATGCATCCGTACGTTAACATGTGAGCAAAA
46  |ref-def-1 .
GGCCAGCA
47 |ref-del-2 AGTCATGCATCCATAGAGCCCACCGCATCCCCA
48 |huil-1 CAGGTACCAAGCTTATGAGAATTTCGAAACCAC
JU CAGAGCICGAGTCATGAAGACTAAGAAGTGTTGA
TGAACATTTGG




SEQ I D NO. 54 + 55: nurine G CSF-62CpG
ATGTGGECTGCAGAACCTGCTGTTCCTCGGECATCGTCGTGTACTCGCTG

AGCGCGCCGACGCGCTCGCCGAT CACCGT GACGCGGECCGTGGAAGCA 10

CGT CGAGGCGAT CAAGGAGGCGCTGAACCTGCTCGACGACAT GCCCG

TGACGCTGAACGAGGAGGTCGAGGT CGTGTCGAACGAGTTCTCGTTCA

AGAAGCT GACGT GCGTGCAGACGCGGECTGAAGATCTTCGAGCAGGEC

CTGCGCGGCAACT TCACGAAGCT GAAGGGCGCGCTGAACATGACCGC
GTCGTACTACCAGACGTACTGCCCGCCGACGCCCGAGACCGATTGCGA 15

GACGCAGGT GACGACGT ACGCOGACT T G A e AL B e kY CCACGAGAGAAAGG
CCTGACCGACAT CCRIGT TeageF GCCAAGAAGCCCGGCCAGAAGTAG SEQ I D NO. 66 + 57: hunman
IL-15 wild-type (3ChE  ATG ] SocAT GTGCTACTT
20 GTGTTTACTT \ TTTTIEASASK A AT R IGAARACTATTTT

TCATTTTGGGECT G%\%'WGAAGCCAACT G

GGTGAATGTAATAAGTGAT T TGRAAAARAAT TGRAGATCT TATTCAATCTA
TGCATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTITG

CAAAGTAACAGCAAT RSP AANISCle i
CTTGAGTCCGGAGAT%@%%AGAAAATCTG%CA nees
TCCTAGCAAACAACAGT TTGTCTTCTAAT GGGAATGTAACAGAATCT
ATGCAAAGAATGT@MW@M@BAMN@FR@WWWPH@)
CAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCTTAG 30 SEQ ID NO 58 + 59: nurine

GW CSF-wi | d-t ﬁJ@QE&T@ﬁ@GGm@GKW¢$¢AGGGGmm CTACAGCCTCT

CAGCACCCA

TAGAGGCCAT TPEICTRIFTES, Q U~ F
E- CUU~ ~4J KBGA@GB@@GGGGGAT@%MCWEG@&AGCJGAQ%TGN@W% U QQ
QU TCTGCACCACAGGCAAGCTGCCAGTGCCCTGGCCCACCCTGGTGACCA

CCTTCACCTATGGGGTGCAGTGCTTCAGCAGATACCCAGACCACATGA
AGCAGCATGACTTCTTCAAGTCTGCCATGCCTGAGGGCTATGTGCAGG
AGAGGACCATCTTCTTCAAGGATGATGGCAACTACAAGACCAGGGCTG
45 AGGTGAAGTTTGAGGGGGATACCCTGGTGAACAGGATTGAGCTGAAGG
GCATTGACTTTAAGGAGGATGGCAATATCCTGGGCCACAAGCTGGAGT
ACAACTACAACAGCCACAATGTGTACATCATGGCAGACAAGCAGAAGA
ATGGCATCAAGGTGAACTTCAAGATCAGGCACAACATTGAGGATGGCT
CTGTGCAGCTGGCAGACCACTACCAGCAGAACACCCCCATTGGAGATG
50  GCCCTGTCCTGCTGCCAGACAACCACTACCTGAGCACCCAGTCTGCCC
TGAGCAAGGACCCCAATGAGAAGAGGGACCACATGGTGCTGCTGGAG
TTTGTGACAGCTGCTGGCATCACCCTGGGCATGGATGAGCTGTACAAG
. TGA
55 SEQID NO. 3 +4: huGFP (nucleic acid + polypeptide)
ATGGTGAGCAAGGGCGAGGAGCTGTTCACCGGGGTGGTGCCCATCCT
GGTCGAGCTGGACGGCGACGTAAACGGCCACAAGTTCAGCGTGTCCG
GCGAGGGCGAGGGCGATGCCACCTACGGCAAGCTGACCCTGAAGTTC
ATCTGCACCACCGGCAAGCTGCCCGTGCCCTGGCCCACCCTCGTGACC
80 ACCTTCACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATG
AAGCAGCACGACTTCTTCAAGTCCGCCATGCCCGAAGGCTACGTCCAG
GAGCGCACCATCTTCTTCAAGGACGACGGCAACTACAAGACCCGCGCC
GAGGTGAAGTTCGAGGGCGACACCCTGGTGAACCGCATCGAGCTGAA



3

UQ4 N Q~U~QUOUUQQ 0 58 References Akiyamm, Y., Maesawa, C.,
Qgasawara, S., Terashima, M and Masuda, T. (2003) Call-type-specific
repression of the maspin gene is disrupted 5 frequently by denethylation at
the pronoter region in gastric intestinal netaplasia and cancer calls,

Am J. Pat hol . 163, 1911-1919. Antequera, F. and Bird, A (1993) Nunber of CpG
I slands and genes in human and nou Proc. Nat LAcad. Sci . U. S. A 90,
11995-11999. 10 Ausubel, F. M, Brent, fZ, Kingston, R E., Myore, d. d.,
Seidman, J. G, Smith, J. A and Struhl, K (1994) Percentage of Kodon
Synononous Usage and Frequency of Kodon Cccurrence in Various O am sns,

DNA rnet hy! at .%ﬁ@ﬁaﬁ%@mﬁ&@kﬁ@&%ﬁ%ﬁ%ﬁ?@eﬁ%ﬁ%ﬁ o (10

8, 1499- 1504 AEVACAACTABAACAGECACAACETCIATATCATEBCCBGACAAGCAGApPgras, S.,

Forlan - o AR okt M hTsorb oA AN SRR EREE, 21 ect

R53. Choi, Y. GCAGKGTGCAGCTRGECCEACBACTAGEAGCAGAAGADOCLELATCGEBC (2004) In

0™ B AR log e eraETABL A OR PleT A SERBBCdfo 2P eses

Bi ochem Bi ophysseeemscmm@cmmm&emmmeacmssmcmw S., Gaf

Lt BNl odier 1o

Candi dat e VaccAgaaGEaso0di ng the Human | mmunodefici ency Virus Type 1 Gag

Gene, J. Viral. 75 No. 22, 10999-11001. 59 Deng, G, Chen, A, Pong, E
and Kim Y. S. (2001) Methylation in hM.HL pronoter interferes with its
bi ndi ng toytranscription factor CBF and inhibits

M‘

SEQID NO. 5 + 6: murine MIP1aIpha-0iCpG(nucleic acid + polypepfide)

ATGAAGGTGAGCACAACAGCTCTGGCTGTGCTGCTGTGTACCATGACE
CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA
15  GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATTGTG
GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTTTC
TGACCAAGAGGAACAGGCAGATCTGTGCAGACAGCAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG

SEQID NO. 7 + 8: murine MIP1alpha-2 cpG(nucleic acid + polypeptide)

ATGAAGGTGAGCACAACAGCTCTGGCCGTGCTGCTGTGTACCATGACC
CTGTGCAACCAGGTGTTCTCTGCCCCTTATGGAGCAGATACCCCTACA |
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG
25 GACTACTTTGAGACCAGCAGCCTGTGTTCTCAGCCTGGGGTGATCTTITC
TGACCAAGAGGAACAGGCAGATCTGTGCAGACAGCAAGGAGACATGG
GTGCAGGAGTACATCACAGACCTGGAGCTGAATGCCTAG

3%  SEQID NO. 9 +10: murine MIP1alpha-4CpG) (nucleic acid + polypeptide)
ATGAAGGTGAGCACAACAGCTCTGGCCGTGCTGCTGTGTACCATGACC
CTGTGCAACCAGGTGTTCTCTGCCCCTTACGGAGCAGATACCCCTACA
GCCTGCTGTTTCAGCTACAGCAGGAAGATCCCCAGGCAGTTCATCGTG
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55 SEQID NO. 13 + 14: murine MIP1alpha-42CpG (nucleic acid + polypeptide)
ATGAAGGTGTCGACGACCGCGCTCGCCGTGCTGCTGTGCACGATGAC
GCTGTGCAACCAGGTGTTCAGCGCCCCGTACGGCGCCGACACGCCGA
CCGCGTGCTGCTTCTCGTACTCGCGGAAGATCCCGCGGCAGTTCATCG
TCGACTACTTCGAAACGTCGTCGCTGTGCTCGCAGCCCGGCGTGATCT

20 TCCTCACGAAGCGGAACCGGCAGATCTGCGCCGACTCGAAGGAAACG
TGGGTGCAGGAGTACATCACCGACCTCGAACTGAACGCGTAG

oSl

SEQ D NO. 15 + 16: murine MIP1alpha wild-type (7 CpG) (nucleic acid +
polypeptide)

5  ATGAAGGTCTCCACCACTGCCCTTGCTGTTCTTICTCTGTACCATGACAC
TCTGCAACCAAGTCTTCTCAGCGCCATATGGAGCTGACACCCCGACTG
CCTGCTGCTTCTCCTACAGCCGGAAGATTCCACGCCAATTCATCGTTIGA
CTATTTTGAAACCAGCAGCCTTTGCTCCCAGCCAGGTGTCATTTICCTG
ACTAAGAGAAACCGGCAGATCTGCGCTGACTCCAAAGAGACCTGGGTC

3 CAAGAATACATCACTGACCTGGAACTGAATGCCTAG

SEQID NO. 17 + 18: human MiP1alpha-43CpG (nucleic acid + polypeptide)
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GATACAGCCGCCGAGATGAACGAGACCGTCGAGGTGATCAGCGAGAT
15 GTTCGACCTGCAGGAGCCGACGTGCCTGCAGACGCGGCTCGAACTGT
ATAAGCAGGGCCTCCGCGGCTCGCTCACGAAGCTGAAGGGCCCGCTC
ACGATGATGGCGTCGCACTACAAGCAGCACTGCCCGCCGACGCCCGA
AACGTCGTGCGCGACGCAGATCATCACGTTCGAGTCGTTCAAGGAGAA
CCTGAAGGACTTCCTGCTCGTGATCCCGTTCGATTGCTGGGAGCCCGT
= GCAGGAGTAG

SEQID NO. 21 + 22: human WMiP1aipha wild-type (8CpG) (nucleic acid +
‘polypeptide)
ATGCAGGTCTCCACTGCTGCCCTTGCCGTCCTCCTCTGCACCATGGCT
25  CTCTGCAACCAGGTCCTCTCTGCACCACTTGCTGCTGACACGCCGACC
GCCTGCTGCTTCAGCTACACCTCCCGACAGATTCCACAGAATTTCATAG
CTGACTACTTTGAGACGAGCAGCCAGTGCTCCAAGCCCAGTGTCATCT
TCCTAACCAAGAGAGGCCGGCAGGTCTGTGCTGACCCCAGTGAGGAG
TGGGTCCAGAAATACGTCAGTGACCTGGAGCTGAGTGCCTAG

30
SEQ ID NO. 23 + 24: human GM-CSF wild-type (10CpG) (nucleic acid +

polypeptide)
ATGTGGCTGCAGAGCCTGCTGCTCTTGGGCACTGTGGCCTGCAGCATC



Wi, Q, Shi, H, Suo, Z and Nesland, J. M (2003) 5 -CpG island nethylation
20 of the FHI T gene is associated with reduced protein expression and hi gher
clinical stage in cervical carcinomas, U trastrucLPathol. 27, 417-422. Yao,
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Aberrant expresghe bﬂ?@@%@ﬁ@&@émﬁmm 3OAGEECTEBBAGEACN Wi th
hyponmet hyl ation 1n adult T-cel eukem a cell s, Bﬁ?ood. 62 C atlgcr;rs 1. Method

for the target IETOATGECARCOACCASREHCCCERTCISSTGAACRIBACTIAGAGH e st eps:

Y Provi si Loi L o (i

ﬁ/lbéli firg\élt?g(rjlnogﬁq?eéﬁggz Rﬁ'u%cl elc amé sequencié,eA?gﬂ\kﬁﬁw%he nuﬁﬂlalaz of

CpG di Rucgeot inGCTE@ﬁGGAGOCGMCTGC@EAGAGACQOSC&EGGA@@'@'MAS rai sed
t he dege Xpressi on,

or 19 1 oner b KR SHECL TS AR R ARSC TR RR G EGROER: " her ey

modi i ed tar getTGATGEECAGEUAC THCANGTAGOACTIGECOTOOAACCOTEBARACT Tt he  CpG

di nucl eotides in a suitable expression vector in operative cou&l{\i ng wwth a
APARECTH

suitabl e tran&SGTGIGOACERACHTTAIEASEIS TCAANSTEY] nodi fi ed
t t | ei ' ' | TW Lesroal. Met hod
ccording to o @éAé[ GWGTCREegng ? | h@ the m‘%,@?,céat SR GPA o

according to claiml, 1n whichi t he target
nucl ei c acid sdéfiABce is carried out so that, in addition to increasing or

reduci ng the nunber of CpG dinucl eotides, one or nore additional
modificatidhs is/are carried out at

S SEQID NO. 25: P-smallsyn (nucleic acid sequence of the plasmid)
ATCGATGTTGACATTGATTATTGACTAGTTATTAATAGTAATCAATTACG
GGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTA
CGGTAAATGGCCCGCCTGGCTGACCGCCCAACGACCCCCGCCCATTG

15  ACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCC
ATTGACGTCAATGGGTGGAGTATTTACGGTAAACTGCCCACTTGGCAGT
ACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGAC
GGTAAATGGCCCGCCTGGCATTATGCCCAGTACATGACCTTATGGGAC
TTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGT

0 GATGCGGTTTTGGCAGTACATCAATGGGCGTGGATAGCGGTTTGACTC
ACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTT
TGGCACCAAAATCAACGGGACTTTCCAAAATGTCGTAACAACTCCGCCC
CATTGACGCAAATGGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAA
GCAGAGCTCTCTGGCTAACTAGAGAACCCACTGCTTACTGGCTTATCTA

5 AATTAATACGACTCACTATAGGGAGACCCAAGCTGTTAAGCTTGGTAGA
TATCAGGGATCCACTCAGCTGATCAGCCTCCAGTTTAAACCTGTGCCTT
CTAGTTGCCAGCCATCTGTTGTTTGCCCCTCCCCCGTGCCTTCCTTGAC
CCTGGAAGGTGCCACTCCCACTGTCCTTTCCTAATAAAATGAGGAAATT
GCATCGCATTG.TCTGAGTAGGTGTCATTCTATTCTGGGGGGTGGGGTG

3 GGGCAGGACAGCAAGGGGGAGGATTGGGAAGACAATAGCAGGCATGC
TGGGGATGCGGTGGGCTCTATGGCCCGGGTAGTGAATTCATGTGAGCA
AAAGGCCAGCAAAAGGCCAGGAACCGTAAAAAGGCCGCGTTGCTGGC
GTTTTTCCATAGGCTCCGCCCCCCTGACGAGCATCACAAAAATCGACG




the nucleic acid level. 3. Method according to claim2, in which the
additional nodifications at the nucleic acid |level are selected fromthe
group consisting of: alteration of the 63 codon choice, insertion or

el imnation of sequences stabilising the RNA secondary structure, regions
wi th increased self-honol ogy, regions with increased honology to the
natural gene, RNA-instability notifss splice-activating notifs,

pol yadenyl ation notifs, adenine-rich notifs, endonucl eose recognition
sites. 4. Method according to one of the preceding clains, in which the
nodi fication of the target nucleic acid sequence by increasi'ng or reducing

the nunber of CheCANGIERLREGTHRECIMESLEABACRACTREXASATRSBIGREO 2 t. " codon

choi ce optim se e _expression 'g to one of
t he preceding cG&Tﬁ@S‘,CCﬁTGGMGGT@(B@T EGCGCHE TG ITCORAGRUTBEIC of CpG

6 ucl oot e, | TRERSAECTSIARoE R TeopEAlBC rpicagpPL | ocd o
expression is raT@EGKTNGCT&AGGEIGiAﬁﬁﬁ&TSQCAGTBGGGEGTbGGTQ@TIC@G 5, in which
(1 gome, oxBy s BRaGFrLBALTorou EAREECBE AT BpRBEGEll e pr et no
hetero!ogous t 0CGOETEATCEEETANCTARIGTOTTBAGVECAAGCECCIAAGAGACGAONEe of the
P heed 55"t e ETTMarEACT G ARG EAG e A AR ARG "o T e
precedi ng cl ai nGTATGTABGCEGISCTACAGAGTTOT K3MAGTCGTGGLCTAACTADSG sel ect ed
CTACACTAGAAGGACAGTATTTGGTATCTGCGCTCTGCTGAAGCCAGTT
.,. 1o ACCTTCGGAAAAAGAGTTGGTAGCTCTTGATCCGGCAAACAAACCACC
GCTGGTAGCGGTGGTTTTTTTGTTTGCAAGCAGCAGATTACGCGCAGA
AAAAAAGGATCTCAAGAAGATCCTTTGATCTTTTCTACGGGAGATCTGT
CTGACTCTCAGTGGAACCAAAACTCATGTTAAGGGATTTTGGTCATGAG
ATTATCAAAAAGGATCTTCACCTAGATCCTTTTAAATTAAAAATGAAGTT
15 TTAAATCAATCTAAAGTATATATGAGTAAACTTGGTCTGACAGGTTAACT
TACCAATGCTTAATCAATGAGGCACCAATCTCTGCAATCTGCCTATTTCT
CTCATCCATGGTTGCCTGACTGCCTGTGGTGTAGATAACTACAATCCTG
GAGGGCTTACCATCTGGCCCCAGTGCTGCAATGATACCTCTAGACCCT
CTCTCACCTGCTCCAGATTTATCTGCAATGAACCAGCCAGCTGGAAGG
n GCAGACCTCAGAAGTGGTCCTGCAACTTTATCTGCCTCCATCCAGTCTA
TTAATTGTTGTCTGGAAGCTAGAGTAAGCAGTTCACCAGTTAATAGTTT
- CCTCAAGGTTGTTGCCATTGCTACAGGCATGGTGGTGTCCCTCTCATCA
TTTGGTATGGCTTCATTCAGCTCTGGTTCCCATCTATCAAGCCTAGTTA
CATGATCACCCATGTTGTGCAAAAAAGCAGTCAACTCCTTTGGTCCTCC
25 AATGGTTGTCAAAAGTAAGTTGGCAGCAGTGTTATCACTCATGGTTATG
GCAGCACTGCATAATTCTCTTACTGTCATGCCATCTGTAAGATGCTTTTC
TGTGACTGGACTGTACTCAACCAAGTCATTCTGAGAATAGTGTATICTT
CTACCCAGTTGCTCTTGCCCAGCATCAATTCTGGATAATACTGCACCAC
ATAGCAGAACTTTAAAGGTGCTCATCATTGGAAATCTTTCTTCTGGTCTA
s  AAACTCTCAAGGATCTTACCAGAGTTGAGATCCAGTTCAATGTAACCCA
CTCTTGCACCCAACTGATCTTCAGCATCTTTTACTTITCACCAGGGTTTCT
GGGTGAGCAAAAACAGGAAGGCAAAAGGCAGCAAAAAAGGGAATAAG
GGCAACTCTGAAATGTTGAATACTCATAGTACTACTCTTCCTTTTTCAAT



fromthe group consisting of prokaryotic cells and eukaryotic cells

sel ected fromthe group consisting of bacteria, yeast, single cells,
parasitic cells, plant cells, insect cells, mammlian cells, human cells
and somatic cells, or a cell-free expression environnent. 11. Method
according to one of the preceding clains, in which the target nucleic acid
to be expressed is of eukaryotic, prokaryotic, viral or synthetic origin.

ot hyl st on aaTBnT BB TR oA R TS R TR B oS RIABIALTE or g 1o
one of the preadiGTATITAGRRAAATAANTARATABGGETATGEATTEAGETCACATEI ¢ aci d

sequence and the transcription control éﬁguence are not associated with CpG

i slands. 14. WECREdGAAANGRGICACCTRAABTTEACTRASAGEGASTIGIGRCAAR  which the

Vet hod accor doRGd el GPACTETCAGTAGRRTCTRETEIBATRCGHEANGTRR o0, of oo

S0%  Tor e pr ke By, At bat TO0Vh L oL hOt ACCOLAL 0 o one of the

pr eqcedi ng cPa GQWM%QWAM@&%GXS%&J : 1Y ng the

or acedi ng ol a LA ARG R T AT AT GTACESL (o an

RNA, deri vat i GGCAGATATACTA's thereof, a peptide or polypeptide, a nodified

pepti de or polypeptide, a protein or a nodified protein. 18. Method

according to claim17, in which the target nucleic acid sequence codes for

a therapeyfi c SEQIDNO. 26 470 p24ACpColnacieic acid + polypeptide)
ATGGTGCACCAGGCCATCAGCCCCAGGACCCTGAATGCCTGGGTGAA
GGTGGTGGAGGAGAAGGCCTTCAGCCCTGAGGTGATCCCCATGTTCTC
TGCCCTGTCTGAGGGGGCCACCCCCCAGGACCTGAACACCATGCTGAA
CACAGTGGGGGGCCACCAGGCTGCCATGCAGATGCTGAAGGAAACCA

15 TCAATGAGGAGGCTGCTGAGTGGGACAGAGTGCACCCTGTGCATGCTG
GCCCCATTGCCCCTGGCCAGATGAGGGAGCCCAGGGGCTCTGACATT
GCTGGCACCACCTCCACCCTGCAGGAGCAGATTGGCTGGATGACCAAC
AACCCCCCCATCCCTGTGGGGGAGATCTACAAGAGATGGATCATCCTG
GGCCTGAACAAGATTGTGAGGATGTACAGCCCCACCTCCATCCTGGAC

2  ATCAGGCAGGGCCCCAAGGAGCCCTTCAGGGACTATGTGGACAGGTT
CTACAAGACCCTGAGGGCTGAGCAGGCCAGCCAGGAGGTGAAGAACT
GGATGACAGAGACCCTGCTGGTGCAGAATGCCAACCCTGACTGCAAGA
CCATCCTGAAGGCCCTGGGCCCAGCTGCCACCCTGGAGGAGATGATG
ACAGCCTGCCAGGGGGTGGGAGGCCCTGGCCACAAGGCCAGGGTGCT

s GTAA

SEQID NO. 52 + 53: human IL-15-21CpG

ATGCGGATCAGCAAGCCCCACCTGAGGAGCATCAGCATCCAGTGCTAC
CTGTGCCTGCTGCTGAACAGCCACTTCCTGACAGAGGCCGGCATCCAC
% GTGTTTATCCTGGGCTGCTTCTCTGCCGGCCTGCCTAAGACAGAGGCC
AACTGGGTGAACGTGATCAGCGACCTGAAGAAGATCGAGGACCTGATC
CAGAGCATGCACATCGACGCCACCCTGTACACAGAGAGCGACGTGCAC
CCTAGCTGTAAGGTGACCGCCATGAAGTGCTTCCTGCTGGAGCTGCAG



19. Method according to claim 18, in which the target nucleic acid sequence
codes for a protein selected from human, parasitic, viral or bacterial
proteins, enzymes, hornones, vaccines, nessenger substances and regul ator
proteins. 20. Method according to ckgaim18 or 19, in which the target

nucl eic acid sequence codes for a protein selected from asparigenase,
adenosi ne deam nase, insulin, tPA clotting factors, vitamn L epoxide
reductase, erythropoietin, follicle-stinulating hornone, oestrogens, bone
nor phogeni ¢ IOf@T@ATBAG@ﬁTGGKGﬁ@CGGCBMGCWGAT@CNCGNJA@GEGGAbOr relia-,

i phtheri o | &ﬁéﬁiﬁﬁﬁgﬁ%mﬁ%%%@@% up t|°X' :
[ , HLA
i erforons, MEECCARRCGHRETGLANRGHETEIGANeACETRRAGGIONAT OPSA“ 21. et hod

according to CTGAAGGRGW@ONGO#&GAG@TT@B'@BCACAMGG&'G@P@A‘EG‘EMW codes for
a functional %Q&@QT Met hod according to claim2l, in which the target

nucl ei ¢ acifd s an siRNA, a ribozynme, an antisense-RNA or.a decoy.
23. Modified nucleic acid with a region capable of transcription that can

be expressed Ig\/&] Rﬁﬁjgﬁﬁ%ﬁﬁurmg&ﬁg—? : ich is derived froma wld-type

sequence, the regi on capa anscription is nodified so that

that ﬁZdﬁﬂnﬁﬁé@é@%@&&mﬁ%@@@ R T et T e "Codon.

opti m sed sequEBCeCBUCGROGCCETCCUCCGATCACCBTGACGOBEECGTRGAABCN t he

degeneracy of the genetic code. 24. Nucleic acid according to claim?23, in

whi ch t he 10nunBETCEAGGLEATOMBEGABEESGECTCAAGCTEEIEE €6Gt he
Wi ld-type sequeagR-IrAACEREGACET GACEREGPEYCBhACRBARTTCTCETTCA
AGAAGCTGACGTGCGTGCAGACGCGGCTGAAGATCTTCGAGCAGGGC
CTGCGCGGCAACTTCACGAAGCTGAAGGGCGCGCTGAACATGACCGC
GTCGTACTACCAGACGTACTGCCCGCCGACGCCCGAGACCGATTGCGA
s GACGCAGGTGACGACGTACGCCGACTTCATCGACTCGCTGAAGACGTT
CCTGACCGACATCCCGTTCGAGTGCAAGAAGCCCGGCCAGAAGTAG

SEQID NO. 56 + 57: human IL-15 wild-type (3CpG)
ATGAGAATTTCGAAACCACATTTGAGAAGTATTTCCATCCAGTGCTACTT

0  GTGTTTACTTCTAAACAGTCATTTTCTAACTGAAGCTGGCATTCATGTCT
TCATTTTGGGCTGTTTCAGTGCAGGGCTTCCTAAAACAGAAGCCAACTG
GGTGAATGTAATAAGTGATTTGAAAAAAATTGAAGATCTTATTCAATCTA
TGCATATTGATGCTACTTTATATACGGAAAGTGATGTTCACCCCAGTTG
CAAAGTAACAGCAATGAAGTGCTTTCTCTTGGAGTTACAAGTTATTTCA

5  CTTGAGTCCGGAGATGCAAGTATTCATGATACAGTAGAAAATCTGATCA
TCCTAGCAAACAACAGTTTGTCTTCTAATGGGAATGTAACAGAATCTGG
ATGCAAAGAATGTGAGGAACTGGAGGAAAAAAATATTAAAGAATTTTTG
CAGAGTTTTGTACATATTGTCCAAATGTTCATCAACACTTCTTAG

a  SEQIDNO. 58 + 59: murine GM-CSF-wild-type (11CpG) .
ATGTGGCTGCAGAATTTACTTTTCCTGGGCATTGTGGTCTACAGCCTCT
CAGCACCCACCCGCTCACCCATCACTGTCACCCGGCCTTGGAAGCATG
TAGAGGCCATCAAAGAAGCCCTGAACCTCCTGGATGACATGCCTGTCA



S

25% nore preferably at | east 50% particularly preferably at
nore particularly preferably at |east 200% especially by a factor of 5 and
nost especially by a factor of 10 or nore. 25. Nucleic acid according to
one of the preceding clains 23 or 24, in which the nucleic acid is not
associated with a CoGisland. 26. Nucleic acid according to one of clains 23
to 25, conprising a sequence selected from SEQ ID NGCs. 1, 5, 7, 9, 11,

13, 17, 19, 26, 52 and 54. 27. Vector conprising a nucleic acid according to
one of <clains 23 to 26 in operative coupling with a suitable transcription
control sequence. 67 28. Vector according to claim27, in which the
transcription control sequence conprises a pronoter. 29. Vector according to
claim?28, in which the pronoter is a constitutively active pronoter. 30.
Vector according to claim?29, in which the constitutively active pronoter
is selected from (cytonegalovirus) CW pronoter and Siman virus 40 (5V40)
pronmoter. 31. Vector according to claim28, in which the pronoter is an

i nduci bl e pronmoter. 32. Vector according to claim 31, in which the inducible
pronoter is a tetracyclin-dependent pronoter. 33. Vector according to one of
claims 27 to 32, in which the pronoter is not associated with a CpG i sl and.
34. Vector according to one of clains 27 to 33, in which the sequences or
parts thereof present on the ClnOlg @ different fromthe nucleic acid
according to one of clains 2 e a reduced nunmber of CpG

di nucl eoti des. 35. Vector acc e of clainms 27 to 34, in which the
sequences or parts thereof di the nucleic

| east 100%

oAGA
GABT

e

CARGA/S
fac

GCTAACATGTGTGCAGAGCCGCCTGAAGATATTCGAGCAGGGt§

ANR
o<

57
GGGCAATTTCACCAAACTCAAGGGCGCCTTGAACATGACAGCGAGT

CTACCAGACATACTGCCCCCCAACTCCGGAAACGGACTGTG
AGTTACCACCTATGCGGAJTTCATAGACAGCCTTAAAACCTTT
GATATCCCCTTTGAATGCAAAAAACCAGGCCAAAAATAG

CATTGAATGAAGAGGTAGAAGTCGTCTCTAACGAGTTCTCCTT

5



acid according to one of clains 23 to 26 have a nunber of CpG di nucl eoti des
reduced by about 25% preferably 50% nore preferably 75% and npst
particularly preferably by 100% 68 36. Vector according to one of clains
27 to 35, with the nucleic acid sequence shown in SEQ ID NO 25. 37. Cel
containing a nucleic acid or a vector according to one of clains 23 to 36.
38. Expression systemconprising a) a nodified nucleic acid sequence with a
region capable of transcription, whé h is derived from a wld-type
sequence, wherein the nodified nuclelic acid sequence has an increased or
reduced nunber of CpG di nucl eotides conpared to the wild-type sequence, in
operative coupling wth a transcription control sequence, and b) an

expressi on environnment selected froma ceI | and a cell-free expression
envi ronment wherein a) can be exprgs in which the expression systemin
the case of expression of a nodificHefaigdses ¢ acid sequence with an

I ncreased nunber of CpG dinucl eotides exhibits an increased expression,

and in the CasRifama Pl bﬁpaqi Ogasiifird,| S ITEHENIRlC MR Ghd MAaUaTEE With a
reduced nunber ucleotldes exhi bits a reduced expreSS|on 39.

Medi canent conﬁ?ﬂpg) "at!P%%ﬂqqﬁé eprRasionyohtthe  masRin egeNeyds qdighdlask a vect or
and/or a cl | AodlieRtly By dEHBABRNDAL e REMARF PbalbRn | Qustte ifdstirbAl B 23 o

38. 40. Use o nuc i C acl a vector and and/ or an
expr essi on sysmetapias@oamiwgcer@e&saénb# Pathgl. %32@111181%8 for the producti on of
a nedi canent for a diagnostic and/or therapeutic treatnment. 69
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41. Use according to claim40 for a gene therapy treatnent. 42. Use of a
nucl eic acid, a vector and/or a cell and/or an expression system accordi ng
to one of clainms 23 to 38 for the production of vaccines. 1/30 SEQUENCE
PROTOCOL <110> Ceneart GrbH <120> Method for nodul ati ng the gene expression
by altering the CpG content <130> 33252-DH <140> <141) <.60>59 <170>
Patent In Ver. 2.1 <210> 1 <211> 72% <212> DNA <213> Artificial sequence
<220> <223> Description of the artifi di al sequence: depleted delta green
fluorescent protein (GFP) Cene <220> <221> CDS <222> (1)..(720) <400> 1
atq gtg tcc aag ggg gag gag ctg ttc aca ggg gtg gtg ccc atc ctg 48 Mt Val

cto oat 0y oab°Reaiiehk: Fahe. iy & sidhar) Peyilade T bl %1 8,730,

dy Asp Val Asproﬁdﬂeﬂ-ih'&rfbyes witteitSbindivg | to Smnsdéepior Gackssr CBF agddntdits gag ggg
gat gcc acc tat C_aaq, accc atc 144 GQu dy Ju Gy Asp Ala
Thr Tyr Ay Lygefg’g%ﬂ’f?%' E%e@#g %@?940 45
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105 110 gtg aag ttt gag ggg gat acc ctg gtg
Val Lys Phe Gu Gy Asp Thr Leu Val Asn Rrg
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ggc 576 Val Gn Lau Ala Asp His Tyr An A n Wh Thr Pro lle Gy Asp
185 190-33615&1" & K. 619@0):@383&9& 0@&@%@' aratetnsadsmaa therpsembly fag tct gec
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220 gtg aca oty fel, ¢caHdarhCaCI9p8ER Ul Bz, 241688 CRFisAls bg2 720
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Val Thr Ala Ala Gy Ile Thr Lau Gy Met Asp G n Lau Tyr Lys 225 230 235 240
<210> 2 <211> 239 <212> PRT <213> Artificial sequence <223> Description of
the artificial sequence: depleted delta green fluorescent protein (G-P)
Gene <400> 2 Met Val Ser Lys Ay GQu GQu Lau Phe Thr Ay Val Val Pro Ile Lau
151015 Val GQu Leu Asp Ay Asp Val Asn Gy His Lys Phe Ser Val Ser dy
20 25 30 Qu dy Gu Ay Asp Ala Thr Tyr Ay Lys Lau Thr Lau Lys Phe Ile
35 40 45 Cys Thr Thr Ay Lys Lau Pro Val Pro Trp Pro Thr Lau Val Thr Thr 50
55 60 Phe Thr Tyr dy Val @dn Cys Phe Ser Arg Tyr Pro Asp His Met Lys 65
70 75 80 Gn H's Asp Phe Phe Lys SesiAla Met Pro Qu Ay Tyr Val Gn Gu 85
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195 200 205 Ser Lys Asp Pro Asn Qu Lys Arg Asp His Met Val Leu Leo Qu The
210 215 220 Val Thr Ala Ala Ay Ile Thr Lau Gy Met Asp Qu Leu Tyr Lys

225 23D 235 <210> 3 <211> 720 <212>5BNA <213> Artificial sequence <220>
<223> Description of the artificial sequence: depleted delta green
fluorescent protein (huGFP) Gene <220> <221> CDS <222> (1)..(720) <400> 3
atq gtg ago aag ggc gag gag ctg ttc acc ggg gtg gtg ccc ate ctg 48 Mt Val
Ser Lys Ay GQu Qu Lau the Thr Ay Val Val Pro Ile Lau 1 5 10 15 gtc gag
ctg gac ggc gac gta aac ggc cat aagtt®EmEge g-tg too ggc 96 Val G u Leu Asp
Gy Asp Val Asn Ay Hs Lys the Ser vVal Ser Gy 20 25 30 gag ggc gag ggc
gat gcc acc tac ggc aag ctg acc ctg aag ttc etc 144 Gn Ay Gu Ay Asp Al a
Thr Tyr Qy Lydetlaod Thor Lebe Lysr&aeedll Bo86140id46 ofgthacgeaec ggc aag ctg
ccc gtg ccc tgg ccc acc etc I%itﬂg.acc acc 192 Cys Thr Thr Ay Lys Leu Pro Val
Pro Tip Pro ThT*REE AP ThTOFRF 189785588 FFEPEcc tac ggc gtg cag tge ttc ago
cgc tac ccc gac cac atg aag 240 Phe Thr Tyr Ay Val Gn Cys the Ser Arg Tyr
Pro Asp His Met Lys 65 70 75 80 cag cac gac ttc ttc aag too gcc atg ccc gaa
ggc tao gtc cafipag 2egvigGeonHE Asparhet PheclgscSeridl aefysenPeotd u Ay Tyr
Val Gn @u 85 90 95D cge ace eLc ttc ttc aag gac gac ggc aac tac aag acc
cgc gcc gag 336 € pressed,

(ii) Modification of the target nucleic acid
sequence, in which the number of CpG
dinucleotides present in the target nucleic

— acid sequence is raised using the degeneracy
of the genetic code to increase the gene
expression, or is lowered to reduce the gene

expression,

{(iii) Cloning of the thereby modified target nucleic
acid sequence with a modified number of the
CpG dinucleotides in a suitable expression
vector in operative coupling with a suitable

transcription control seqguence,

(iv) Expression of the modified target nucleic acid

sequence in a suitable expression system.

2. Method according to claim 1, in which in step (ii)
the modification of the target nucleic acid sequence
is carried out so that, in addition to increasing or
reducing the number of CpG dinucleotides, one or
more additional modifications is/are carried out at

the nucleic acid level.

3. Method according to claim 2, in which the additional
modifications at the nucleic acid level are selected

from the group consisting of: alteration of the



Arg
gtg
Val
atc
Phe
aac
H s
gtg
Phe
cac
Adn
aac
Tyr
cgc
H s
atg
du

Thr

eag-

Lys
gac
Lys
age
Asn
aac
Lys
tac
Adn
cac
Leu
gat
Met
gac
Leu

I'le

Phe Phe-Lys Asp Asp Gy Asn Tyr Lys Thr Arg Ala Gu 100 105 110

ttc gag ggc gac acc ctg gtg aac cge atc gag ctg aag ggc 384 4130

Phe
ttc
Gn
cac
Val

ttc
Ile
cag
Asn
tac
Ser
cac
Val

gag
Tyr

Artificial
del ta green flmetesgeatcproiggntOhufEP)fGene prd08aidghMet aVals,Sem Lys Ay
Gu GQu Leu Phe Thr Ay Val Val Pro Ile Leu

Gu dy Asp Thr Leu Val A84 Arg Ile Qu Leu Lys Ay 115 120 125

aag gag gac ggc aac ate ctg ggg cac aag ctg gag tac 432 1lle Asp
Asp Ay Asn Ile Leu Ay H's Lys. Leu Au Tyr 130 135 140 aac tac
aacodde thdiatc Ahgegttogacraayimigashignaat 48QuehAsesTyr Asn Ser
Tyr Ile Mt Ala Lys G n Lys M 145 150 155,160 ggc atc aag

aaﬁt%?%lhaﬁn%aEh%agN%tEeﬁaadaéﬁ §5EUGHBI528T BLPNFl e Lys Val Asn
Arg; + S ASPe 4 584 G 81 ASRoFDY 0 567 %@glégg %Z@h Qﬁgrgége%tc gcc gac
cag aac acc ccc ate ggc gac ggc Leu Ala Asp His Tyr
ThrotRpbody et @ Yh@spathyal8en85 RNAemnstebgﬂgtgtg ctg ccc gac

ctg a acc cag tcc . gcc,.ctg 624, _Pro Asp Asn His
oG Fs Aot R e 18E 158 568, P854 5 n o Tka ety T8 45Rac ong. ang

EﬂﬁbﬂlﬁsCtQdéﬁﬂn@agléhcm532fsSeénBMﬁué§QoEé0 Asn G u Lys Arg Asp
Leu Lau G n Phe 210 215 220 gtg ace gcc gcc ggg etc act etc ggc

ct¥ctagnbbgoradai7@e- val Thr Ala Ala Ay lle Thr Leu Gy Mt Asp
Lys 225 230 235 240 <210> 4 <211> 239 <212> PRT <213>

sequence <223> Description of the artificial sequence: depleted

which thé modification of the target nucleic acid
sequence by 1ncrea51ng or reducing the number of CpG
dinucleotides is carried out having regard to a

codon choice optimised for the expression system.

Method according to one of the preceding claims, in
which the modification of the number of CpG
dinucleotides is carried out having regard to a

codon choice optimised for mammals.

Method according to one of claims 1 to 5, in which

the gene expression is raised.

Method according to one of claims 1 to 5, in which

the gene expression is reduced.

Method according to one of the preceding claims, in
which the target nucleic acid sequence to be

expressed is heterologous to the expression system.

Method according to one of the preceding claims, in
which a eukaryotic or prokaryotic expression system

is used as the expression system.



151015 Val Gn Lea Asp Ay Asp Val Asn Gy His Lys Phe Ser Val Ser dy
20 25 30 Qu dy Gu Ay Asp Ala Thr_Tyr Gly Lys Leu Thr Lau Lys Phe Ile
35 40 45 Cys Thr Thr Gly Lys Leu Pro RAl Pro Trp Pro Thr Leu Val Thr Thr 50

55 60 Phe Thr Tyr dy Val Adn Cys Phe Ser Arg Tyr Pro Asp His Met Lys 65

70 75 80 dn H's Asp Phe Phe Lys Ser Ala Met Pro Qu Ay Tyr Val Gn Gu 85
90 95 ArlP ThiMdtireodrec@heding Aspsped thasprdyediyg Fhaimeg Aha A u 100
105 110 Val Lys Phe Qu Gy Asp Thr Leu Val Arg lle du Leu,Lys Ay 115
190 125 I e ANDHE 15 ST Yoo T ot o & orpd F5lefbied s 1) 130
135 140 Asn Tyfrdsncrergtdsp Asondedt iy of eoMBlkaN @t ASpcdyss GiRdlys Asn 145
150 155 160 Gy Ile Lys Val Asn the Lys Ile Arg Hs Asn Ile Gu Asp Gy Ser
165 170 173 \&kagyrity whblasyEectayrionmn e dspurheorsdstieddy Asp Ay

195 200 205 S My e prs dert QT D% A Mop T & R VEP TG Leu Ghu phe

195 200 205
210 215 220 MalamfhrcAlls Alingdyt |del Ty hammdd yahbte Bsp, Ghumbeu Tyr Lys

225 230 235 <210> 5 <211> 279 <212> DNA <213> Artificial seguence <220>
<223> Descri pt‘?%]nl%fariql'nes%{?%‘ﬁ‘? c‘?%}l%eq%’én%ec.e%ﬁﬁ%e expression

environment.
11. Method according to one of the preceding claims, in
which the target nucleic acid to be expressed is of
eukaryotic, prokaryotic, viral or synthetic origin.
12. Method according to one of the preceding claims, in
which a low methylation system is used as expression
system.
13. Method according to one of the preceding claims, in
which the modified target nucleic acid sequence and
the transcription control sequence are not

associated with CpG islands.

14. Method according
which the number
or reduced by at
15. Method according
which the number

or reduced by at

to one of the preceding claims, in

of CpG dinucleotides is increased
least two.
in

to one of the preceding claims,

of CpG dinucleotides is increased

least 10%, preferably at least 50%,

more preferably at least 100%.

16. Method according to one of the preceding claims, in
which all CpG dinucleotides are removed using the

degeneracy of the genetic code.



MLPI al pha. - 0CpG (murine M Pi al pha gene with 0 CoG dinucl eoti des) <220>
<221> CDS <222> (1)..(279) <40a> 5 a% aag gtg agc aca aca act ctqg gut ctg
ctg ctg tgt act atg acc 48 -~ Met 3

Lau Cys Thr Met Thr 1 5 10 15 <ctg tgc aac tag gtg ttc tct gcc cut tat gga

s Val Ser Thr Thr Ala Lou Al a Val

Leu

gca gat acc cut aca 96 Leu Cys Mh G n Val Phe 5er Ala Pro Tyr Ay Ala Asp
Thr Pro Thr 20 25 30 gcc tgc tgt ttc agc tac agc agg aag atc ccc agg tag
ttc att oig

Val 35 40745

Leu Thr

Ile Thr Asp Leu
<213> Artificiptoseinencea <B8>fPDedcprptedn.of the artificial
M Pl al pha- OCpG (rmurine M Pl al pha gene with 0 CpG di nucl eoti des)
<400> 6 Met Lys Val Ser Thr Thr Ala Len Ala Val Lau Lau Cys Thr Mt Thr

nmuri ne

10 is

a gag”acc agc agc ¢

Lys ArgN varhY

eu Asn Ala 85 90 <210>

18. Method according to claim 17, in which the target
nucleic acid sequence codes for a therapeutic and/or

diagnostic protein.

19. Method according to claim 18, in which the target
nucleic acid sequence codes for a protein selected
from human, parasitic, viral or bacterial proteins,
enzymes, hormones, vaccines, messenger substances

and regulator proteins.

20. Method according to claim 18 or 19, in which the
target nucleic acid sequence codes for a protein selected
from asparigenase, adenosine deaminase, insulin, tPA,
clotting factors, vitamin L epoxide reductase,
erythropoietin, follicle-stimulating hormone, oestrogens,
bone morphogenic proteins, antithrombin, HIV-, HBV-, HCV-
;, influenza-, borrelia-, haemophilus-, meningococcus-,
anthrax-derived proteins, botulinus toxin, diphtheria
toxin, tetanus toxin, plasmodium proteins, blood group
antigens, HLA proteins, cytokines, chemokines, G-CSF, GM-
CSF, interleukins, Interferons, PDGF, TNF, RANTES, MiPla

and transcription factors.

21. Method according to claim 17, in which the target

nucleic acid sequencé chéé for a functional RNA.

sequence:

1

1 he 5 T I Q0 Arg.Gnthe lle
R e e R TR s A R TR
ttt 192 Asp Tyhi®hetktutdhgeSenuSeeitedcOyssSquefaca Poded YoYahnll e The 50
55 60 ctg acc aa agq aac agg cag atc tgt gca gac _ago aag gag aca tgg 240
nARF PeOByRIMPEIAS ptREFCRYs & BeRRLAFr Br65 70 75 80
gtg cag gag tag, el e €§d9?ca%8d9§9e&tgegfﬁdQCSrtBQl§%é§tié@l @n Gu Tyr
n /30 6 211> 92 <212> PRT

5



Lau Cys Asn Gn Val the Ser Ala Pro Tyr Ay Ala Asp Thr Pro Thr 20 25 30
Ala Cys Cys Phe Ser Tyr Ser Arg Lys Il6e6 Pro Axg G n Phe Ile Val 35 40 45
Asp Tyr Phe G n Thr Ser Ser Lau Cys Ser Gn Pro Ay Val 119 Phe 50 55 60
Lau Thr Lys Arg Asn Arg Gn Ile Cys Ala Asp Ser Lys Gu Thr Tro 65 70 75 80
Val Gn GQu Tyr Ile Thr Asp Leu Gu Lau Asn Ala 85 90 <210> 7 <211> 279
<212> DNAZ22213MeAhiod jasicalr Hegudrc 1 adzp @t <228 Winede rtihst itar it t he

artificia ' ri 9.1 A2CPG (N | Pl.al pha gene with 2
CpG di nu%lué%gt%#g:gé)%lgg%ﬁﬁ%gélﬁ%ﬁ %’(%.@%&M<ﬁfg> 7 atg aag gtg
agc aca' aeatdeknciegRYWEC ogt g cdegroot.g t gt acc atg.acc 48 Met Lys Val Ser Thr

Thr Ala Lau Ala Val Leu 'Lau Cys Thr Met Thr 1 5 10 15 <ctg tgc aac cag gtg
ttc tct gcc cct tat gga gee gat acc cct aca 96 Lau Cys Asn G n Val Phe Ser

Ala Pro Tyr G yodid AP nlii K0 Hg 3R +2p a3(}:e§% taeddte td€ age tac age
agg aag atc ccc agg cag ttc ate gtg 144 Al a s Cys Phe Set Tyr Ser Arg Lys

Ile Pro Atga@serRipg ildre tValt 3:m el S xpgas stk it targ&xaces g age ctg tgt
(o1 209 02l SO LIRS S0P AT B G I e SRl O et O
aag gag aGd ¥4 c24@he region capable of transcription is modified
so that it is codon-optimised in relation to the employed
expression system, and so that the number of CpG
dinucleotides is increased compared to the codon-
o optimised sequence derived from the wild-type seguence,
= by using the degeneracy of the genetic code.

24. Nucleic acid according to claim 23, in which the
number of CpG dinucleotides is increased compared to the
wild-type sequence by at least 10%, preferably at least
25%, more preferably at least 50%, particularly
preferably at least 100%, more particularly preferably at
least 200%, especially by a factor of 5 and most

especially by a factor of 10 or more.

25. Nucleic acid according to one of the preceding
claims 23 or 24, in which the nucleic acid is not

associated with a CpG island.

26. Nucleic acid according to one of claims 23 to 25,
comprising a sequence selected from: SEQ ID NOs. 1, 5, 7,

9, 11, 13, 17, 19, 26, 52 and 54.

27. Vector comprising a nucleic acid according to one of
claims 23 to 26 in operative coupling with a suitable

transcription control sequence.



Lau Thr Lys Arg Asn Axg Gn Ile Cys Ala Asp Ser Lys Qu Thr Trp 7130 65 70
75 BD fig cag gag tac atc aca gac ctg gag ctg eat gec tag 279 Val Gn Qu
Tyr Ile Thr Asp Lau G n Leu Asn Al a Bg <210> B <211> 92 <212> PRT <213>
Artificial sequence <223> Description of the artificial sequence: nurine
NPPI al pha-2GG (nmurine M Pl al pha gene with 2 CoG dinucl eotides) <400> B Met
Lys Val 58f.- Th¥eThprApacpadinBatvaclpéa Edu @ylsw'hhlchl\/éﬂleThr 15i0 15 Lau

s s pre=ErrRIF e RbEeErosiheBry Rfieaifebna Fr8niar as a0 45 Asp

Tyr The A u Thr Ser Ser Lea Cys Ser Gn Pro Ay Val Ile Phe 50 55 60 Lea
Thr Lys Arg Asn Arg Gn Ile Cys Ala_Asp Ser Lys Qu Thr Trp 65 7D 75 80
val dn & TyYeFF@rTﬁFC%GlEauté ﬁleéﬂl ASn APawBschother prometer1i> 279

<212> DNA:s24330Rbtk el gbaySgauEEe prEq8Rz 223> Description of the
artificial sequence: nurine” Pi Bha- 4cpG (murine NI Pl al pha gene with 4
CpG dinucl eoti des <220>

30. Vector according to claim 29, in which the

constitutively active promoter is selected from

(cytomegalovirus) CMV promoter and Simian virus 40 (Sv40)

promoter.

31. Vector according to claim 28, in which the promoter

is an inducible promoter.

32. Vector according to claim 31, in which the inducible

promoter is a tetracyclin-dependent promoter.

33. Vector according to one of claims 27 to 32, in which

the promoter is not associated with a CpG island.

34. Vector according to one of claims 27 to 33, in which
the sequences or parts thereof present on the vector and
different from the nucleic acid according to one of
claims 23 to 26, have a reduced number of CpG

dinucleotides.

35. Vector according to one of claims 27 to 34, in which
the sequences or parts thereof different from the nucleic
acid according to one of claims 23 to 26 have a number of
CpG dinucleotides reduced by about 25%, preferably 50%,
more preferably 75% and most particularly preferably by
100%.



<221> CDS <222> (11..(279) <400> 9 atg aag gtg agc ace ace get ctg gcc gtg
ctg ctg tgt acc atg acc 48 Net Lys Val Ser Thr Thr Ala Lea Ala Val Lea Lea
Cys Thr Met Thr i 5 10 15 ctg tgc aat cag gtg ttc tct gee cct tac gga gee
gat acc cct ace 96 Lea Cys Asn A n Val Phe Ser Ala Pro Tyr Ay Ala Asp Thr
Pro Thr 20 25 30 gec tgc tgt ttc agc tat age agg aag etc ccc agg cag ttc
atc gtg 139. Alectqys TysoPhenGero TyresSef AtgimgsZi| 8oPPo, AWt AhThe 11 e Val

35 40 45 o7 . gac_fea t go_a C t t cag cct agg gtg ate
ct 102 RGTaYT Fhet Gl S el Fa i S b £k o Gy Va1 6 Phe S0
55 50 ctg acc aag agg aac ego cag atc tgt gca gac ago aag gag aca tgg 240

Lau Thr Lys Arg Asn Arg An Ile Cys_Ala Asp Ser Lys Qu Thr Tip 65 70 75 80

gtg tag gaf tdecht ecAurrnety Yagletg 3aidges fayegror warccHan@ u Tyr Ile
Thr Asp Ley Qu é@ucf%%%sb\l %368§0996 <210> 10 <211> 92 <212> PRT <213>

Artificial sequence < > scription of the artificial sequence: nurine
M Pl al pha-4CpG (rmurine M Pl al pha gene with 4 CoG dinucl eotides) <400> 10
Met Lys Yéﬁ!ﬁ Sex Thr Thr Ala Leu Ala Val .Len Leu Cys Thr Mat Thr 1 5 10 15
Leu Cys - G FFRETS PR RYSWER PBPTYF1efy Ala Asp Thi Pro Thr 20 25 30

Ala Cys Cys Phy Sery Dydai¥eledVithdysid | £ 0s 584628 Fhen!berdgion
capable of transcription, which is derived from
a wild-type sequence, wherein the modified
nucleic acid segquence has an increased or
reduced number of CpG dinucleotides compared to
the wild-type sequence, in operative coupling

with a transcription control sequence, and

b) an expression environment selected from a cell
and a cell-free expression environment wherein
a) can be expressed, in which the expression
system in the case of expression of a modified
nucleic acid sequence with an increased number
of CpG dinucleotides exhibits an increased
expression, and in the case of expression of a
modified nucleic acid seguence with a reduced
number of CpG dinucleotides exhibits a reduced

expression.

39. Medicament comprising as active constituent a
nucleic acid and/or a vector and/or a cell and/or an

expression system according to one of claims 23 to 38.

40. Use of a nucleic acid and/or a vector and/or a cell
and/or an expression system according to one of claims 23
to 38 for the production of a medicament for a diagnostic

and/or therapeutic treatment.



35 40 45 Asp Tyr Phe GQu Thr Ser Ser Leu Cys Ser Gn Pro Ay Val Ile Phe 50
55 60 Leu Thr Lys Arg Asn Arg Gn Ile Cys Ala Asp Ser Lys Au Thr Trp 65
70 75 80 Val Gn @u Tyr Ile Thr Asp6I?eu G u Leu Asn Ala 85 90 <210> 11
<211> 279 <212> DNA <213> Artificial sequence <220> <223> Descri ption of
the artificial sequence: murine M Pl al pha-13CpG (nurine M Pl al pha gene with
13 CpG di nucl eotides) <220> <221> CDS <222> (1)..{279) <400> 11 atg aag
gtg agc a aca get ct ot gtg ctg ctg tgc acc atg acc 48 Met Lys Val Set
Thr Thr Afd-LollSR 2°VRPOEEd Laucdydmrd WX Thoshes HHETE8Y cig tge an cag
gtg ttc age-gehee@t tae ggc gee gat acc cct aca 96 Leu Cys Asn G n Val Phe
Ser Ala Pro Tyr Ay Ala Asp Thr Pro Thr 9/30 2D 25 30 gcc tgc tge ttc age
tae age agg aag ate ccc agg cag ttc ate gta_ 144 Ala Cps Cys Phe Ser Tyr
Ser Arg L Ile Pro,Arg G n the_ ll.e Val 35 40 45 ac tae.ttc ace age
age ctg té?’tc SFaﬁfcécnﬁﬁéeéFgaﬁtlg’ttaevfgfor@d'&rr BhéSditu er Ser Leu
Cys Ser GhR BPkprekyiMdal skkeehhacsd radng0 tet @enace faad 8e6¢ 23 _gagLag ate tgce
gcc gac age aag gag ace tgg 240 Lau Thr Lys Arg Asn Asg Gn Ile Cys Ala Asp
Ser Lys G%QrTﬁ eTPpogsctpopsogpovaccines.



gtg cag gag tae ate see gac etg gag ctg aac gee tag 279 Val Gn Qu Tyr lle
Thr Asp Leu Gu Leu Asn Ala 85 90 <210> 12 <211>.92 <212> PRT <213>
Artificial sequence <223> Description of the artificial sequence: murine

M Pl al pha- 13CpG (murine M Pl al pha gene with 13 CpG di nucl eoti des) <400> 12
Met Lys Val Set Thr Thr Ala Leu Ala Val Lau Lau Cys Thr Met Thr 1 5 10 15
Lau Cys Asn G n Val the Ser Ala Pro Tyr @3t Ala Asp Thr Pro Thr 20 25 30
Ala Cys Cys Phe Ser Tyr Ser Arg Lyssebbendererdiogotd n The Ile Val 35 40 45
Asp Tyr Phe Gu Thr Ser Ser Leu Cys Ser G n Pro Ay Val Ile Phe 50 55 6D
Leu Thr Lys ArgioAsdandyrg dabm |l e Cys Ala Asp Ser Lys GQu Thr Trp 65 70 75 80
Val dn Qu Tyr Ile Thr Asp Lau Qu Leu Asn Ala 85 90 <210> 13 <211> 279
<212> DNA <213i20Ar¥¢fhogi &ir pedilantes tho psne<2PTssPegchy ption of the
artificial sequenc®:tSfirg 1&° MOPFAFSAA- 42CpG (nurine M Plal pha gene with 42

CpG di nucl eot '<93%§)33§g22—g§ <221> CDS 4222> (11..(279) <400> 13

<140>
<141>

<160> 59
<170> 'Patent In Ver. 2.1

<210> 1
<211> 720
<212> DNA

<213> Artificial sequence

<220>

<223> pDescription of the artificial sequence: depleted
delta green fluorescent protein (GFP) Gene

<220>
<221> CDhS
<222> (1)..(720)

<400> 1
atg gtg tcc aag ggg gag gag ctg ttc aca ggg gtg gtg ccc ate ctg 48
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu

1 5 10 15

gtg,gag ctg gat ggg gat gtg aat ggc cac aag ttc tct gtg tct ggg 96
Val Glu Leu Asp Gly Asp Val Asp Gly His Lys Phe Ser Val Ser Gly
29 25 30

gag ggg gag ggg gat gcc acc tat gge aag ctc acc ctg aag ttc atc 144
Glu Gly Glu Gly Rsp Rla Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
35 40 45

tgc acc aca ggc aag ctg cca gtg ccc tgg cec acc ctg gtg acc acc 192
Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

ttc ace tat ggg gtg cag tge ttc agec aga tac cca gac cac atg aag 240
Phe Thr Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 10 15 80

cag cat gac ttc ttc aag tct gec atg cct gag gge tat gtg cag gag 288
Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 50 85

agg acc atc ttc ttc aag gat gat ggc aac tac aag acc agg gct gag 336
Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

gtg aag ttt gag ggg gat acc ctg gtg aac agg att gag ctg aag ggc 384
val Lys Phe Glu Gly Asp Thr Leu Val Asn Arg Ile Glu Leu Lys Gly
115 120 125

att gac ttt aag gag gat ggc aat atc ctg ggc cac aag ctg gag tac 432



10/30 atg aag gtg tag acg acc gcg etc gee gtg etg etg tgc acg atg acg 48
Net Lys Val Ser Thr Thr Ala Leu Ala Val Lau Leu Cys Thr Met Thr 1 5 10 15
ctg tgc aac cag gtg ttc agc gee ccg tac ggc gcc gac acg ccg acc 96 Lau Cys
Asn G n Val Phe Ser Ala Pro Tyr Ay Ala Asp Thr Pro Thr 20 25 30 gcg tgc
tgc ttc tcg tac tcg egg aag ate ccg egg cag ttc ate gte 144 Ala Cys Cys Phe
Ser Tyr Ser Arg Lys IIe Pro Arg G n Phe I® Val 35 40 45 gac tac ttc gas

acg tog tcg ¢ C te tt r the Gu Thr Ser
Ser Lau Cys S t‘rgeéfﬁw Y%eﬂ‘%m ﬁgg"’%ﬁgg %‘@ £t §ccgl aé'é cgg aac egg cag
ate tgc get gac tcg sag gaa acg tgg 240 Leu Thr Lys Arg Mh Arg Gn Ile Cys
Al a Asp Ser Lysc Gdladdipgelbgc 65 ¢y Yo 8 gt raCa@ HadhofgalL aqeeo gac etc gaa
etg aac gcg tage 2yO3AsiVaer GBinAH WelTYyr [leeMeEhklafmyp Llwewsld wyslaw Asn Ala 85 90
<210> 14 <2113492 <212> PRT1#213> Artifici 8> sequence <2285 Descri ption of
the artificial sequence murine M Pl al pha-42CpG (nurine M Pi al }Z:)ha gene with
42  CpG di nuclg%‘oﬁI %31394 %t‘i‘ﬂaﬂeglec% Gl “Se?ttﬂﬁg 9P 998l BtLag%% a Val Leu
Lau Cys Thr MY THY Y5 V&' $3p Tee Lys NP3 HeviP pPﬁeGl§e§FrAl a Pro Tyr Ay
Ala Asp Thr Pro Thr 20 25730 Ala Cys Cys the Set Tyr Ser Arg Lys Ile Pro
Arg Gn the | gy Vad ct38cAQadt bl Y cddhgu Gl e@aratg%gaaﬁ'i dRU Gys Ser An
Pro Ay Val |kg BheiredbRiDasHlis Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly

180 185 180

cct gte ctg ctg cca gac aac cac tac ctg age acc cag tct gec ctg 624
Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu
185 200 205

;' agc aag gac ccc aat gag aag agg gac cac atg gtg ctg ctg gag ttt 672
Ser Lys Bsp Pro &sm Glu Lys Arg Bsp His Met Val Leu Lsu Glu Phe
210 215 220

gtg aca gct gct gge ate acc ctg ggc atg gat gag ctg tac aag tga 720
val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys
225 230 235 249

<210> 2

<211> 239

<212> PBRT

<213> Artificial sequence

<223> Description of the artificial sequence: depleted
delta green fluorescent protein (GFP) Gene

<4Q0> 2
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pro Ile Leu
1 5 10 15

Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Fhe Ser Val Ser Gly
N 20 25 ’ 30

Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
35 40 45

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

Phe Thr Tyr Gly Val Gin Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 70 75 80

Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 30 95

2rg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

Val Lys Phe Glu Gly Asp Thr Lewv Val Asn Arg Ile Glu Leu Lys Gly
115 120 125

Ile BAsp Phe Lys Glu Asp Gly Asn Ile Leu Gly His Lys Leu Glu Tyr
130 135 140



Lau Thr Lys Arg Asn Arg Gn Ile Cys Ala Asp Ser Lys Qu Thr Trp 65 70 75 80
Val Gn Qu Tyr Ile Thr Asp Lau Qu Lau Asn Ala 85 90 <210> 15 <211> 279
<212> DNA <213> Miurine <220> <223> Murine M Pl al pha wild-type with 7 CpG
di nucl eotides <220> 11130 <221> cos <222> (1)..(279) <400> 15 atg aag gtc
tcc acc act get ctt get gtt ctt ctc tgt acc atg aca 48 Mt Lys Val Sex Thr
Thr Ala Leu Ala Val Leu Leu Cys Thr Met Thr 1 5 10 15 <ctc tgc aac caa gtc
ttc tca gcq.cca tat gga get gac acc ccg aghp 96 Leu Cys Asn @ n Val Phe Ser
Ala Pro Tyr Ay Ala Asp Thr Pro Thr 20 25 30 gcc tgc tgc ttc tcc tac agc
cgg aag att cda?d¥t Peadct fics ggt"t}t fyriite MeA M2Cpe loy $1PRes 368 Tyr Ser Arg Lys
lle Pro Arg G >The Ile Val 40 45 gac tHf ttt ‘gas acclgﬁgo agc ctt tgc
LcC Cag cCa gahy Qi 1l baf b 292100 24r 5:BNRa GiD Ihhs@E, Sef ' Len Cys Ser G n
Pro Ay Val Ile Phe 50 55160 ctg act aagi7aga aac cgg cagsatc tgc get gac tcc
aaa gag acc tg}g_ 240 Leu Thr Lys Arg Asn Ar%:Gi nlle Cys Ala Asp Ser Lys Gu
Thr Tip 65 70775 B0 Legiic? &R adrt & Hochact-dae Iéfglg;&ap &ty aat gcc tag 279
Val Gn Gn Tyr Ile Thr Asp Leu Gu Led Asn Ala 85 98 <210> 16 <211> 92

Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Rla Leu

195 200 205
Ser Lys Asp Prc Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe
210 215 220
Val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys
225 ' 230 235
<211> 720
<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence: depleteq
delta green fluorescent protein (huGFP) Gene

<220>
<221> CDS
<222> (1)..{720)

<400> 3
atg gtg agc aag ggc gag gag ctg ttc acc ggg gtg gtg cce atc ctg 48
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Pre Ile Len

1 5 10 15

gtc gag ctg gac ggc gac gta aac ggc cac aag ttc agc gtg tce ggc S6
Val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
20 25 30

gag ggc gag ggc gat gcc acc tac ggc aag ctg acc ctg aag ttc atc 144
Glu Gly Glu Gly Asp Ala Thr Tyr Gly Lys Leu Thr Leu Lys Phe Ile
35 40 45

tgc =cc acc ggc aag ctg cecc gtg cce tgg ccc ace ctc gtg acc acc 182
Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

ttc acc tac ggc gtg ctag tge ttc age cgc tac ccc gac cac atg aag 240
Phe Thr Tyr Gly Val Gln Cys Phe Ser Arg Tyr Pro Asp His Met Lys
65 70 75 80

cag cac gac tte ttc aag tcc gec atg ccec gaa gge tac gtc cag gag 288
Gln His Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 ' 90 95

cgc acc ate tte ttc aag gac gac ggc aac tac aag acc cgec gecc gag 336
Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

gtg 2ag ttc gag ggc gac acc ctg gtg aac cge .atc gag ctg aag ggc 384



<212> PRT <213> Murine <223> Murine M Pl al pha wild-type with 7 CpG
di nucl eoti des <400> 16 Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu Cys
Thr Met Thr 1 5 10 15 Leu Cys Asn G n Val Phe Ser Ala Pro Tyr Ay Ala Asp
Thr Pro Thr 20 25 30 Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg G n
Phe Ile Val 35 40 45 Asp Tyr Phe Qu Thr Ser Ser Lou Cys Ser Gn Pro Gy
Val Ile The 50 55 60 Leu Thr Lys Arg Asn Arg G n |Ile Cys Ala Asp Ser Lys
GQu Thr Trp 65 70 75 80 Val G n GQu Tyr #¥e Thr Asp Leu Gn Leu Asn Ala 85
90 <210> 17 <211> 282 <212> DNA <213> Artificial sequence <220> <223>
Descri ption of *art?f S% af “defaRntelohittalf 17 E3b e ﬂl‘s’lﬂt"allﬁﬁa‘HXBCpG (human

Cp

M Pl al pha gene with G <220> 2<221> CDS <222>7(1)..(282) <400> 17 atg

caa gtg tog acekc@e€E tgelaa®letg QEE€ gfd GacChid Edg0sdgUcacang &Eg;agagc48432|VEt G n Val
Ser Thr Al a Allde [2ap eAk Ay¥/&hu Bep GLuasrCys: TduzGlyerisAlva 1kusii(ryi5 ctg tgc aac
caa gtg ctg age d¢é@ cat etc goolétc gac acg ccHlace 96 Lau Cys Asn G n Val
Lau Ser Ala Prqg_Lau Al aag e aanIchEatPEO Mg 20,25 30 9 Lgc tgc ttc tcg

aac tac aa c 23g cag

T
tac acg th eg!gnc.@g A@ﬁ &efGYs 239 VQ‘?“fyr.t Efe %&t p Lys Gln Lys Asn
145 150 155 160

ggc atc aag gtg aac ttc aag atc cge cac aac atc gag gac ggc agc 528
Gly Ile Lys Val Asn Phe Lys Ile Arg His Asn Xle Glu Asp Gly Ser
165 170 175

gtg cag ctc gcec gac cac tac cag cag aac acc ccc atc gge gac ggc 576
Val Gin Leu Rla Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly
180 185 ’ - 180 -

b ccec qtg ctg ctg ccc gac aac cac tac cfg agc acc cag tcc gec ctg 624
Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Ala Leu
195 200 205

agc aaa gac CCC aac gag aag cgc gat cac atg gtc ctg ctg gag ttc 672
Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leu Glu Phe
2190 215 220

gtg acc gcc gec ggg atc act ctc gge atg gac gag ctg tac aag taa 720
Val Thr Ala Ala Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys
225 230 235 240

<210> 4

<211> 239

<Z12> PRT

<213> Artificial seguence

<223> Description of the artificial sequence: depleted
delta green fluorescent protein (huGFP) Gene

<400> 4
Met Val Ser Lys Gly Glu Glu Leu Phe Thr Gly Val Val Proc Ile Leu
1 S 10 15

val Glu Leu Asp Gly Asp Val Asn Gly His Lys Phe Ser Val Ser Gly
20 25 30

Glu Gly Glu Gly Asp Ala Thr Tyxr Gly Lys Leu Thr Leu Lys Phe 1le
35 40 45

Cys Thr Thr Gly Lys Leu Pro Val Pro Trp Pro Thr Leu Val Thr Thr
50 55 60

Phe Thr Tyr Gly Val Gln Cys FPhe Ser Arg Tyr Pro Asp His Met Lys
65 70 75 80

Gln Bis Asp Phe Phe Lys Ser Ala Met Pro Glu Gly Tyr Val Gln Glu
85 50 85

Arg Thr Ile Phe Phe Lys Asp Asp Gly Asn Tyr Lys Thr Arg Ala Glu
100 105 110

Val Lys Phe Glu Gly Bsp Thr Leu Val BAsn Arg Ile Glu Leu Lys Gly
115 120 125



Al a
gcc
Tyr
aag
Ay
gtg

Cys
gac
Phe
cgc
Arg
age

A u Lau

sequence <223> Description of artificial

Cys
tac
du
gga
Gn
gac
Sex

sequence: hunman

M Pl al pha- 43cpg

Phe Ser Tyr Thr Ser Arg.d@n Ile Pro Gn Asn Phe Ile 35 40 45
ttc gag acg tcg tcg cag tgc tcg aag ccg age gtg ate 192 Al a Asp
Thr Ser Ser G n Cys Ser Lys Pro Ser Val Ile 50 55 60 ttc ctg acg
egg caa gtg tgc get gac ccg age gag gag 240 Phe Lou Thr Lys Arg
Val Cys Ala Asp Pro Ser Au GQu 65 70 75 80 tgg gtg cag aag tac
etc gaa ctg age gcg tag 282 Trp Val Gn Lys Tyr Val Ser Asp Lau
Ala 85 90 <210> 18 <211> 93 53212> PRT <213> Artificial

(human M Pl al ﬂQaAsQ:eﬂ% W<t 61209 Asn<f‘1Q0feal§1y'\@s fPseVad1,58k Thr Ala Ala Lau

Ala Val Lau Leu ©ss Thr Met Alaizsl 5 10 LatkoCys Asn G n Val Lau Ser Al a
Pro Lau Ala Ala Asp Thr Pro Thr 20 25 30 AI a Cys Cys Phe Ser Tyr Thr Ser
Arg Gn |l e Py GrAssferPhs RireVal3Byr/DlefBtAMa ppLlyFydinRhye &nu Thr Ser Sex
Gn Cys Ser L Pro Ser Val 1% 50 55 60 PBRe Lau Thr Lysl,&rg dy Arg G n
Val Cys Ala 831 79 79 8 Trp a% s Tyr Val Ser
Asp Lau G u 5 SRk 1555}’;9 5B %‘5’ e gt PASIOW 13139 <213>
Artificial sequence

Val Gln Leu Ala Asp His Tyr Gln Gln Asn Thr Pro Ile Gly Asp Gly

180 185 190
Pro Val Leu Leu Pro Asp Asn His Tyr Leu Ser Thr Gln Ser Rla Leu
195 200 205
Ser Lys Asp Pro Asn Glu Lys Arg Asp His Met Val Leu Leun Glu Phe
210 215 220

Val Tﬁf Ala &la Gly Ile Thr Leu Gly Met Asp Glu Leu Tyr Lys

225 230 235

<210> 5

<211> 279

<212> DNA

€213> Artificial sequence

<220>
<223> Description of the artificial sequence: murine

MTPlalpha~0CpG (murine MIPIalpha gene with 0 CpG
dinucleotides)

<220>
<221> CDS

<222> {1)..

<400> 5

atg
Met
1

ctg
Leu

gcc
Ala

gac
Asp

ctg
Leu
65

gtg
val

aag
Lys

tgc
Cys

aac
Asn

gtg agc
Val Ser

cag
Gln

(279)

aca
Thxr

gtg
Val

20

tgc
Cys

tgt
Cys
35

tac ttt
Tyr Phe
50

acc
Thr

aag
Lys

cag
Gln

gag
Glu

ttc
Phe

gag
Glu

agg
Arg

tac
Tyxr

age
Ser

acc
T™hr

aac
Asn

atc
Ile
85

aca
Thr

ttc
Phe

tac
Tyr

agce
Ser

899
Arg
70

aca
Thr

get
Ala

tet
Ser

age
Ser

ctg
Leu

geo
Ala

agg
Arg

gct
Ala

cct
Fro
25

aag
Lys

40

agc
Ser
5%

cag

Gln

gac
Asp

ctg
Leu

atc
Ile

ctg
Leu

tgt
Cys

tgt
Cys

gag
Glu

gtg
Val
10

tat
Tyr

atc
Ile

tct
Ser

gca
Ala

ctg
Leu
80

ctg ctg tgt acc atg acc 48

Leu Leu Cys Thr Met Thr
15

gga gca gat acc cct aca 19

Gly Ala Asp Thr Pro Thr
30

ccc agg cag ttc att gtg 144

Pro Arg Gln Phe Ile Val
45

cag cct ggg gtg atc ttt 192

Gln Pro Gly Val Ile Phe
60

gac agc aag gag aca tgg 240
Asp Ser Lys Glu Thr Trp

75 80
aat gcc tag 278
Asn RAla



<220>
human GW CSF- 63CpG

cag
Leu
tcg
Pro
gcg
Arg
gtc
Val

etc
Leu
ctc
Met

tcg
105
Cys
gac
Lea

tcg
Lau
ccg
Ser
cga
Leu
gag
I'le
gaa
Tyr
acg

110

Leu

ctg
Leu
tcg
Pro
€gg
Leu
gtg
Ser
ctg
Lys
atg

Val

ctg
Leu
ccg
Ser
ctg
Asn

atg- g
a gL,
t alx18agr240

ctg
Ay

tag:

Thr
ctg
Lau

ctc
Thr
acg
Gn

Val

aac ct

Ser

Phe

Arg
gag atg
50 55 60 gao ctg cag gag cog acg tgc ctg cag acg egg
Asp Lau A n Gn Pro Thx Cys Leu Gn Thr Arg Lau G u

cag
Pro

acc
Al a
ccg
Trp
g tcg
Asp
ttc

<223> Description of artificial sequence: synthetic gene <220> <223>
<220> <221>

gga

CDS <222> (1)..(435) <400> 19 atg tgg ctg
gtc gcg tgt tog atc 48 Mt Trp Leu A n Ser
Cys Ser Ile 1 5 10 15 age gcg cct gcg egg
tgg gag cac 96 ..", Ser Ala Pro Ala Arg Ser
GQu Hs 20 25 30 gtg aac gcg ate cag gag
cgc gat 144 Val Asn Ala lle @ n GQu Ala Arg
35 40 45 aca gcc gee gag atg aac gag acc
192 Thr Ala Ala Gu Met Asn Qu Thr Val Gn

6278 XbtHAci€ngeggmceet C €90 ggc tog ctc acg aag ctg aag ggc cog
28823°Gpas iy tidl ofl gheChyr 30 AP Y ediMndeY Smd:8He LYS Gy Pro Leu Thr
85 90 95 atg ¥Tyldlpya-cEpGt aurang MIAJaGRE 4 @OE¢h QCE@ACY CCC gaa acg
336 Met Al a SeinHisofigesiys A n His Cys Pro Pro Thr Pro G n Thr Ser 100
tgc 0GgpAgY cag ate ate acg ttc gag tcg ttc aag gag aac ctg aag 384
Ala Thr Guitllye dah esefhuh- Hae 263 WeSeXa FEE Lhy SelCis AsNudethdys 115 120 125
ttc ctg ctcigtg ate ccgsttc gat tgc tyy gag ccc gtg rag gag 432 Asp the

Ile Pro Phe As
Leu Cys Asn Gln Val

20

S
e

Trp.Gn Pro Val @ n du 130 135 140
Ser Rla Pro Tyr Gly Ala Asp Thr Pro Thr

25 30

Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Azrg Gln Phe Ile Val

35

40 45

Asp Tyr Phe Giu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe

50

55 60

Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp

65

70

75 80

Val Gln Glu Tyr Ile Thr B&sp Leu Glu Leu Asn Ala

<21
<21
<21

<213>

<22
<22

<22
<22
<22

0> 7
1>
2>

0>
3>

278
PHA

Artificial sequence

85

80

Description of the artificial sequence: murine

M;Elalpha—ZCpG (murine MIPlalpha gene with 2 CpG
dinucleotides)

c>

1> Cbs

2>

<400> 7

atg
Met
1

ctg

leu

gce
Ala

gac
Asp

ctg
Leu

aag
Lys

tgc
Cys

tgc
Cys

tac
Tyy
50

ace
Thr

gtg
val

aac
hsn

tgt
Cys
35

ttt
Phe

aag
Lys

{1}..(279

agc
Ser

cag
Gln
20

tte
Phe

gag
Glu

agy
arg

aca’
Thr

gtg
Val

agc
Ser

ace
Thr

aac
Asn

aca
Thr

ttc
Phe

tac
Tyr

age
Ser

aggy
Arg

gct ctg gee gtg ctg ctg tgt ace atg acc 48
Ala Leu Ala Val Leu Leu Cys Thr Met Thr
10 15

tct goce cct tat gga geca gat acc cct aca 96
Ser Rla Pro Tyr Gly Ala Asp Thr Pro Thr
25 30

agc agg aag atc ccc agg cag ttc atc gtg 144
Ser Arg Lys 1le Pro Arg Gln Phe Ile Val
40 45

agc ctg tgt tct cag cect ggg qtg atc ttt 182
Ser Leu Cys Sar Gln Pro Gly Val Ile Phe
55 60

cag atc tgt gca gac agec aag gag aca tgg 240
Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp



tag 435 145 <210> 20 <211> 144 <212> PRT <213> Artificial sequence <223>
human GwW CSF- 63CpG  <400> 20 Met Trp Leu G n Ser Lau Leu Leu Lea Gy Thr Val

Al a
Gn
Asn
I'le
Leu
Lys
Pro
Phe

Cys

Cys
Pro
Leu
Ser
Gn
dy
Thr
Lys
Trp

Sex
Trp
Ser
Au
Leu
Pro
Pro
Au
du

<213> human

CDS

Ile 14/30 1 5 10 15 Ser Ala Pro Ala Arg Ser Pro Ser Pro Ser Thr
Qu Hs 20 25 30 Val Asn Ala lle Gn Gu Ala Arg Arg Leu Leu
Arg Asp 35 40 45 Thr Ala Ala G n Met Asn Qu Thr vVal Gu Val
Met Phe 50 55 60 Asp Leu Gn QQu Pro Thr Cys Leu G n Thr Arg
Tyr Lys 65 70 75 00 G n Gdywisen Arg Ay Ser Lau Thr Lys Lau
Less Thr Met 85 90095 Met Ala Sejs Hi's Tyr Lys @y Hs Cys Pro
Gu Thr Ser 100 105 110 Cys Ala Thr Gn Ile Ile Thr Phe G u Ser
AStp bE gty sac 31524 0=c 28 sAsprPher harutdgeu Val 1l e R7® Phe Asp
PYY WAt G Aviaile TS0ASREew Gy Lepigehle) <211> 282 <212> DNA
<220> <223> hEﬁmn M Pl al pha ene wild-type (8CpG <220> <221>

<210> 8

<211> 52

<212> PRT

<213» Artificial sequence

<223> Description of the artificial sequence: murine
MiPlalpha-2CpG (mnrine MIPlalpha gene with 2 CpG
dinucleotides)

<400> 8

Met Lys Val Ser Thr Thr Ala Leun Ala Val Leu Leu Cys Thr Met Thr

1 5 10 15

Leu Cys Asn Gln Val Fhe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val
35 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 60

Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trip
€5 70 75 80

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 S0

<210> 8

<211> 279

<212> DNA

<213> Artificial. segquence

<220>

<223> Description of the artificial sequence: murine
MiPlalpha-4cpG (murine MIPlalpha gene with 4 CpG
dinuclectides

<Z220>
<221> CDS
<222> {1}..(279)

<400> 9 :
atg aag gtg agc aca aca gct ctg goe gtg ctg ctg tgt ace atg acc 48
Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu Cys Thr Met Thr

1 5 10 15

ctg tgc aac cag gtg ttc tct gee eot tac gga geca gat acc cct aca 96
leu Cys Asn Gln Val Phe Ser Alz Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

gce tge tgt ttc age tac age agyg a2g atc ccec agg cag ttc atc gtg 144
kla Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val
35 40 45



<222> (1)..(282) <400> 21 atg cag gtc.tcc act got goo ctt gcc gtc ctc etc
tgc acc atg got 48 Mt Gn Val Ser Thr Ala Ala Lau Ala Val Lau Len Cys Thr
Met Ala 1 5 10 15 ctc tgc aac cag gtc ctc tot gca cca ctt got got gac acg
ccg acc 96 Leu Cys Asn Gn Val Leu Sex Ala Pro Leu Ala Ala Asp Thr Pro Thr
20 25 30 gcc tgc tgec ttc ago tac acc tee cgs cag att cca cag aat ttc ata
144 Ala Cys Cys the Ser Tyr Thr Ser Arg Gn Ile Pro G n Asn Phe Ile 35 40
45 got gac tac ttt gag acg ago agc cag ¥¥c tee aag ccc agt gtc atc 192 Al a
Asp Tyr Phe (hag Tdw tiSegagSerc £GcregCys-gSat ﬂ_cygaPrcet Feg o¥lalstd [tet 50185 60 ttc cta
acc aag aga g¥y® f:ggmlfa@lug?ftf %egtsggo‘teug%(e Eelladgee Qéfgvglag'l‘zﬁee Phe Lau Thr Lys
Arg Ay Arg Gn | Cys Ala Asp™Pro Ser Au G °65 70 75 80 tgg gtc cag aaa
tac gtc agt g &da Eél tcagCict 0%ac TEP a¥lgadFabs ks Tylp Val Ser Asp
Leu A u Lau Sg.% :aLﬁg; 9@% Hzlgg p%Q?gsﬁlsé? L9§&§2&:2%§’RT <213> human
<223> human M@l al pha gene W|7|0d type (BCpG 75<400> 22 Met @ n Val Ser Thr
Ala Ala Lau Al a Val Len Lau Cys Thr Met Ala 1 5 10 15 Lau Cys Asn dn Val
Lau Sex Ala Pf®# Eﬂ] ?ﬁ E?p aﬁ 28 "’Fﬂr"a'?gg?§a%0 Ala Oys &s Phe Ser
Tyr Thr Ser Arg ¢ Pr 40 45 Ala Asp Tyr Phe Qu
Thr Ser Ser G n Cys Bar Lys Pro Ser VaI IIe 50 55 60

<210> 10

<211> 382

<212> PRT

<213> Artificial sequence

<223> Description of the artificial sequence: murine
MIPlalpha-4CpG (murine MIPlalpha gene with 4 CpG

dinucleotides)
-
<400> 10
Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu Cys Thr Met Thr
1 5 10 i5

Len Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val
35 40 45

Bsp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 6D

Len Thr Lys Arg Asn Arg Gln Ile Cys Ala Bsp Ser Lys Glu Thr Trp
65 74 15 B0

Val Gin Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 80

<210> 11
<211> 2789
<Z12> DNA
<213> Artificial sequence

<220>
<223> Description of the artificial sequence: murine

MIPlalpha-13CpG (murine MIPlalpha gene with 13
CpG dinuclecotides)

<220>
<221> CDS§
<222> (1)..{279)

<400> 11
atg aag gtg agc acec aca gct ctg get gtg ctg ctg tge ace atg acce 48
Met Lys Val Ser Thr Thr Ala Leu Ala Val Leu Leu Cys Thr Met Thr

1 5 10 15

ctg tgc aac cag gtg ttc age gcot cet tac gge gee gat ace cct aca g6
Leu Cys Asn 8ln Val Phe Ser Ala Pro Tyr €ly Rla Asp Thr Pro Thr



Phe Lau Thr Lys Arg Ay Arg G.n Val Cys Ala Asp Pro Ser Qu Glu 65 70 75 80
Trp Val @n Lys Tyr Val Ser Asp Lau Gu Lau Ser Ala 85 90 <210> 23 <211>
435 <212> DNA <213> human <220> <223> hunman GVt CSF gene wi |l d-type (10CpG
<220> <221> CDS <222> (1),.(435) <4D0> 23 atg tgg ctg cag agc ctg ctg etc
ttg ggc act gtg gcc tgc agc atc 48 Met Trp Lau Gn Ser Lou Lau Lau Lau Gy
Thr Val Ala Cys 5er Ile 1 5 10 15 tat gca ccc gcc ego tag ccc ago ccc agc
acg cag ccc tgg gag cat 96 5er Ala Pro A% Arg Ser Pro Ser Pro Ser Thr G n
Pro Trp Gu His 20 25 36 gtg eat gcc atc cag gag gcgscgg cgt ctc ctg aac
ctg agt age gac 144 Val Asa Ala lle A n dQu Ala Arg Arg Leu Lau Asn Lau Ser
Arg Asp 35 40 %5 tsgdee q&f ';g?att“ga%f 92t iR 28R C9Y AtYAlC §ET &t tca gaa atg
ttt 192 Thr Ara SAF SYOEH® BBt THSASENE i 1t &% %IPET k= &Y G n Met Phe 5D
55 60 gac ctc cag gad ccg acc tgc cta cag acc ego c¢tg gag ctg tac aag 240
Asp Lou G n GdacRree tThgaduse hadl 24d BegThye Ak GbabQlde Gobl LOUrd YEe LY1$265 70 75 80
------- 16130 Asgayr (Y€ et ghreger ggclageysCiee GEeePradly Ok IaaghggCc ccCc ttg ace
atg 288 dn Ay B&u Arg Ay Ser*3ieu Thr Lys Léd Lys Ay Pro Leu Thr Met 85

90 95 atg gee.ade Gac £89,230, 6A9,GAE, g £61,,603,ace €09 gag ot tee 336

Leu Thr Lys Rrg Asn Erg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp

65 70 75 80
gtg cag gag tac atc acc gac ctg gag ctg aac goo tag 278
Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Rla
85 20
<210> 12
—~— <211>.92°
<212> PRT

<213> Artificial seguence

<z223> Description of the artificial sequence: murine
MIPlalpha-13CpG (murine MIPlalpha gene with 13
CpG dinucleoctides)

<400> 12
Mat Lys Val Ser Thr Thr Ala Leu BRla Val Leu Leu Cys Thr Met Thr
1 5 10 15

Leu Cys 3sn Gln Val Phe Ser Rla Pro Tyr Gly Rla Asp Thr Pro Thr
20 25 30

Bla Cys Cys Phe Ser Tyr Ser Rrg lys Ile Pro Rrg Gln Phe Ile Val
35 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro €ly Val Ile Phe
50 55 60 ‘

Leu Thr Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp
85 70 75 BO

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 5D

<210> 13
<211l> 279
<212> DHA
<213> Artificial sequence

<220>
<223> Description of the artificial sequence: murine

MIPlalpha-42CpG {murine MIPlalpha gene with 42
CpG dinuclectides)

<220>
<221> CDS
£222> {1)..(279)

<400> 13



Met Al a Ser
tgt gca ace cag att
Gnlle lle Thr
ctg ctt gte ate ccc
Ile Pro the Asp
<211> 144

Thr

Val

<210> 24
wild-type (I CCpGQ

Al a
Pro
Leu
Ser
du
Pro
Pro
Lys
Au

Cys
Trp
Ser
du
Lau
Leu
Au
Au
Pro

Ser
du
Arg
Met
Tyr
Thr
Thr
Asn
Val

Hs Tyr

tzﬂ}s

<400> 24 Met Trp Lau Gobme Ser

I 0 a A er Prao, S
aecg a]a 2%% tc%Sac §gc gpé %ECPB‘Q: @ *Aé) 2@,?3 Eg T,Q,rg U Lau Asn

Lys Gn Hs Cys Pro Pro Thr Pro GQu Thr
ate ace ttt gaa agt ttc aaa gag aac ctg aag 384 Cys Ala
the Au Sex The Lys G n Asn Lau Lys 115 120 125 gac ttt
ttt gac tgc tgg gag cca gtc cag gag 432 Asp the Leu Leu
Cys Trp dii Pro Val Gn du 130 135 140 tag 435 145
<212> PRT <213> human <223> hunman GwW CSF gene

13Hdr 1Y Arlal ealG

Ser 100 105 110

Lau Leu Leu Leu Gy flit Val

Ser Thr G n

ASpl 35 40 45 Thr Ala Ala G moMet Asn Glu Ths Val Qu Vval Ile
55 60 Asp Lau Gn GQu Pro Thr Cys Lau G n Thr Arg Lau

the 50

g §§C7R95
y%teua% 58

ey burq el

Ser 100 105 11D Cys Al a Thr

1%s Lau Lys Ay
s Pro Pro Thr

Gn IIe Ile Thr the A u Ser the

Ledtglass thE5etd 2ag k25 tcfefy Riecatcettglay odalttt laec Beo The Asp Cys Trp
Cys e 195 YU Ger &1 Ovs DB Pro Arg Gln Phe Ile Val
35 40

G Ha@yn

gac tac
Asp Tyr
50

ctec acg
Leu Thr
65

gtg cag
Val Gln

<210> 14
<ell> 92

45

ttc gaa acg teg teg ctg tge teg cag coco gge gtg atc
Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile

55 60

aag cgy aac cgg cag atc tgc gcc gac tcg aag gaa acg
Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr

79 15

‘'gag tac atc acc gac ctc gaa ctg aac gecg tag

Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 30

<212> PRT
<213> Art1f1c1al sequence

<223> Descrlptlon of the artificial sequence:

murine

MIPlalpha-42CpG (murine MIPlalpha gene with 42
CpG dinucleotides)

<400> 14
Met Lys
1

Leu Cys

Ala Cys

Asp Tyr
50

Leu Thr
65

Val Gln

<2106> 15

Val Ser Thr Thr Bla Leu Ala Val leu Leu Cys Thr
5 10

Asn Gln Val Phe Ser Alaz Pro Tyr Gly Ala Asp Thr
20 25 30

Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg GIn Phe
35 10 45

Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val
55 60

Lys Arg Asn Arg Gln Ile Cys Ala Asp Ser Lys Glu
70 15

Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 90

211> 2783
<212> DNRB
<213> Murine

<220>

tte
Phe

tgg
Trp
80

Thr

Thr

Val

Phe

Trp
80

192

240

27%

<223> Murine MIPlalpha wild-type with 7 CpG dinuclectides

<220>



<211> 3034

<223>: Description of artificial

atcgatgttg
ttcatagccc
gaccgcccaa
caat agggac
cagt acat ca
ggcccgectg
tctacgtatt
gt ggat agcg
gtttgttttg
t gacgcaaat
t aact agaga
cccaagct gt
aacct gt gcc
ccct ggaagg
gt ct gagt ag
at t gggaaga
attcat gtga
gtttttccat
gt ggcgaaac
gcgct ct cct
aagcgt ggcg
tttcaagctg
taact at cgt
t ggt aacagq
gcct aact ac
taccttcgga
tggttttttt

<212> DNA <213> Artificial sequence <220>
sequence: p smallsyn

acattgatta ttgactagtt attaatagta atcaattacg
atatatggag ttccgcgtta cataacttac ggtaaatggc
cgacccccgc ccattgacgt caatactgac gtatgttccc
tttccattga cgtcaatggg tggagtattt acggtaaact
agt gt at cat "at gcct cgt a cgecccct@agg t gacgt caat
gcattatgcc cagtacatga ccttatggga ctttcctact
agt g% g @ééagcatgg tgatgcggtt ttggcagtac
gtt ctca ggatttc caagtctcca ccccattgac
gcaqegaaat caacgggact ttccaaaatg tcgtaacaac

"vect or

17/ 30

gggt cattag
ccgcct ggct

at agt aacgc
gcccacttgg

gacggtaaat

t ggcagt aca
at caat gggc
gt caat ggga
t ccgccccat

00069 3i=a0f cC@tgicacgyigcg ggagot gtn ctattagpaga 46t £hact gge
acoeacivgcialtectgaht A14 Gewadt Vala LewmbgatiscHe Meat Tgggaga

taagétt ggt agatafcagg gatccact&h gctgat cage

ttcta tth ca att%tq gg% 2 CtCC(‘::gt
t 9cga gchcZﬁanEg?% itsipig a}aa%aéf floaal f
gtgtcattct abthggggg gtggggﬁggg gcaggacagn

caat agcagg cat gct gggg at gcggt ggg ctct at ggcc
PeIe &eH BT eHft ceafra

ccgacaggac tataaagata ccaggegttt cccectggaa

dﬁccagttta
CCtt

ﬂ@aiﬁqgc

aagggggagg
cgggt agt ga

Bradggcucddedaadg tqtgct agt
g0 U e e P 498 Gor o0y LAt Ao PR PG SREE Daatonge

cagag
gct ccct cgt

Ot t $CURECE+ @6 GE6thaGes BPatIE €LY i L 6GCEdt e frecalct cagg
Ct tAspt yat megRbCiae Gt Get AGYLad G CRYRLocEiyt Gl TGgEregt t Cg

ggct gt gdgc acgaaccccc5%gttcagccc gac®gyct gcg

ctt agt cagacc&ggtaa acttagggggggctgg
at t&ﬁ%&ﬁ 3 Sa5 a0 el 1 g
ggctgcact gaaggaca|t atttggtatc ﬁgcgctctgc
aaaagagttg gtagctcttg atccggcaaa caaaccaccg
gttmgoaagmaageaqaﬁpa@ag@gma?aaaaaaaaggamctc

Val Gln Glu Tyr Ile Thr Asp Lew Gln Len Asn Ala

<210>
<211>
<212>
<213>
<223>

16

a2

PRT
Murine

<400> 16

ccttatccgg
29L29CCa0
t ggtyg
tgaagccagt
ct ggt agcgg
aagaagate

Murine MIPlalpha wild-type with 7 CpG dinucleotides

<400> 25

60

120
180
240

300

360
420
480
540
600
660
720
a 780
840
900
960
1020
1080
1140
1200
1260
1320
1360
1440
1500
1560
1620

Met Lys Val Ser Thr Thr ARla Leu Ala Val Leu Leu Cys Thr Met Thr
1 5 10 15

Leu Cys Asn Gln Val Phe Ser Ala Pro Tyr Gly Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Ser Arg Lys Ile Pro Arg Gln Phe Ile Val
35 - 40 45

Asp Tyr Phe Glu Thr Ser Ser Leu Cys Ser Gln Pro Gly Val Ile Phe
50 55 60

Leu Thr Lys Arg BRsn Arg Gln Ile Cys Ala Asp Ser Lys Glu Thr Trp
65 70 15 80

Val Gln Glu Tyr Ile Thr Asp Leu Glu Leu Asn Ala
85 20

<210> 17

<211> 282

<212> DNA

<213> Artificial sequence

<220>

<223> Description of artificial sequence: human



tttgatcttt tctacgggag atctgtctga ctctcagtgg aaccaaaact catgttaagg 1680
gattttggtc atgagattat caaaaaggat cttcacctag atccttttaa attaaaaatg 1740
aagttttaaa tcaatctaaa gtatatatga gtaaacttgg tctgacaggt taacttacca 1800
atgcttaat c aat gaggcac caatctctgc aatctgccta tttctctcat ccatggttgc 1860
ctgactgcct gtggtgtaga taactacaat cctggagggc ttaccatctg gccccagtgc 1920
tgcaatgata cctctagacc ctctctcacc tgctccadsi ttatctgcaa tgaaccagcc 1980
agct ggaagg gcagacctca gaagtggtcc tgcaacttta tctgcctcca tccagtctat 2040
taattgttgt ctggaadiPaalphgtaigéatunbeatidagithagatragiticd3t@daggttgt 2100
tgccattgct acegbeatgg tggtgtccct ctcatcattt ggtatggctt cattcagctc 2160
~...,, tggttceeédt CBY at caagcc tagttacatg atcacccatg ttgtgcaaaa aagcagtcaa
2220 ctcctttHge> dtcd¥i gg tt gt caaaag taagttggca gcagtgttat cactcatggt 2280
tatggcagca ctgegi gatt ctcttactgt catgccatct gtaagatgct tttctgtgac 2340
tggact gt ac t cagceRagy €3t ict grR0&ratRUG Abtcrgldegltac Geq dhtaet chg g 2400
cccagcat ca atiedt@gatal serarhrgQacnaaatxgcagaeadkt taaagg vegaieat cat 2460
tggaaatctt tcttictggtc taaa&ctctc aaggatctiba ccagagttga gatccacttc 2520
aat gt aaccc actcttgcac ccaactgatc ttcagcatct tttactttca ccagggtttc 2580
c

t gggt gagca aaHAcEH§gRS c?g R a;{afﬁ CGFERTAREEH €A t gha 2640
attctgaata ct%eét%t%f@ %%c *t 1 cﬁer?%t?'?%ga eﬁglgﬁ?gﬁ%ggg Pff’ﬁgcaggg 2700
ttattgtctc atgagcggat acatatttga atgtatttag aaaaat aaac aaataggggt 2760

atgcattcag ctgaceictte cetgaaaagicggeoasgtgaatatd-gaat gat tagggagt ted 2820

cccaat cccc t ariggtygcews tret tagivachraiect Ayot @ngllatige e disa etldagccag 2880

tatctgctcc ctgecttgtg® gttggaggtc adfgagtagt gggctdgcaa aatttaaget 2940

acaacaaggc aaggcttoac ,&ta&;ﬂ agtqgtcgagcga"aa EthEQa ta gg i qgecttry 3000
et R R R R e

geactgettg gapat Aol BECHAIREAderadrac1a0cd setd 211711669 ~<212> DNA
<213> Artificial spequence <220%518/30 <223> [gescription of the artificial

sequence: p24 delta CpG gene (HI V-1 plasm d p24 (capsid protein) gene wth

depl et ed CpG dicnetel wot #adesdc 922y caagty>toCIGC gac ccg age gag gag 240
Phe Leu Thr Lys Brg Gly Arg Glm Val Cys Ala Asp Pro Ser Glu Glu

65 70 75 80
tgg gtg cag aag tac gtg agc gac ctc gaa ctg agc gcg tag 282
Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Sexr Ala
85 S0
<210> 18
<211> 83
<212> PRT ~

<213> Artificial sequence
<223> Description of artificial sequence: human
MIPlalpha-43cpg {(human MIPlalpha gene with 43 CpG)

<400> 18
Met Gln Val Ser Thr Ala Ala Leu Ala Val Leu Leu Cys Thr Met Ala
1 5 : 10 15

......

Leu Cys Asn Gln Val Leu Ser Ala Pro Leu Ala Ala Asp Thr Pro Thr
20 25 30

Ala Cys Cys Phe Ser Tyr Thr Ser Arg Gln Ile Pro Gln Asn Phe Ile
35 40 45

ARla Asp Tyr Phe Glu Thr Ser Ser Gln Cys Ser Lys Pro Ser Val Ile
50 55 &b

Phe Leu Thr Lys Arg Giy Arg Gln Val Cys Ala Asp Pro Ser Glu Glu
65 70 75 8D

Trp Val Gln Lys Tyr Val Ser Asp Leu Glu Leu Ser Ala
85 90

<210> 19
<211> 435
<212> DNA



<222> (1)..
gee tgg gtg aag 48 Mt Val
Lys 1 5 10 15 gtg gtg gag gag aag gcc ttc age cat gag gtg ate ccc atg

Val

ttc tat 96 Val

(696)

144 Al a Leu Ser

45
Val

gag

Ala Al a

cat
dn
ctg
Au
ate
Lys
ctg
Sex
gtg
Arg
aag
Trp

o

e

Ay

ggc
Met
cag
Adn
t ac
Arg
gac
I'le
gac
t he
aac
Met

dy

cag
Arg
gag
Il e
aag
Trp
ate
Leu
agg
Tyr
tgg

HIS Gn Ala Ala Met G n Met Leu Lys du Thr
' get get gat’t Bt gaciag&eqgegiceac cot gtg cat get ggc 240 Asn Glu Glu
Gu H's Pro Val

<400> 26 atg gtg cac cag gee ate agé Ccc agyg ace ctg aat-—-
Hs Gn Ala |Ile Ser

Val

GQu dy Ala Thr

Gu GQu Lys Ala the Ser
20 25 30 gcc ctg tat gag ggg gee ace ccc cag gac ctg aac ace atg ctg aac
Pro Gn Asp Leu Asn Thr

u Trg,Asp Arg Val

ca att ggc tgg atg ace aac aac 336 dy

230" BBt GihEssAgEASN 100 105 110

agazjf

ttC

abﬂt

agc
Ser

gtg
Val

aca
Thr

gac
Asp

65
cag
Gln

atg
Met

tge
Cys

gac
Asp

tag

145

Pro du Val

Pro Arg Thr

Leu Asn Ala Trp

lle Pro Met the Ser

Met Leu Asn 35 40
aca gtg ggg ggc cac cag get gee atg aagp atg ctg aag gaa ace ate 192 Thr

Hs Ala Ay 65 70 75 80

at@geegfegagretm agrggeidiatl gapendd: geitnd88: Rne Ile Ala Pro Ay
Gu Pro Arg Ay Ser Asp Ile Ala 85 90 95

qg atc ate ctg ggc 384 Pro Pro
| l@2dsl e Leu Ay 115 120 125 gtq agg
43221>cCRp aac aag att Leu Asn Lys lle
As{323A €1)-113085)135 140 agg cag ggc ccc
a 480 Arg Gn Ay Pro Lys Gu

gcg
Ala

aac
Asn

gcc
Ala
50

ctg
Leu

ggc
Gly

gcg
ala

gcg
Ala

tte
Phe
130

cct
Pro

gcg
Ala
35

gee
Ala

cag
Gln

cte
Leu

tecg
Ser

acg
Thr
115

ctg
Leu

<210> 20
<211> 144
<212> PRT

<213> Artificial sequence

gcg
Ala
20

atc
Ile

gag
Glu

gadg
Glu

cge
Arg

cac
Ris
100

cag
Gln

cte
Leu

cgg
Arg

cag
Gln

atg
Met

ceg
Pro

age
Gly
85

tac

TyT

atc
Iie

gtg
Val

teg
Ser

gag
Glu

aac
Asn

acg
Thr
70

teg
Ser

aag
Lys

atc
Ile

atc
Ile

ccg
Pro

gcg
Ala

gag
Glu
55

tgc
Cys

cte
Len

cag
Gln

acg
Thr

ccg
Pro
135

<223> human GM-CSF-63CpG

<400> 20
Met Trp lLeu Gln Ser Leu Leu Leu Leu Gly Thr Val Ala Cys Ser Ile

teg
Ser.

cga
Arg
40

acc
Thr

ctg
Leu

acg
Thr

cac
His

ttc
Phe
120

tte
Phe

ceg
Pro
25

cgg
Arg

gtc
val

cag
Gln

aag
Lys

tgc
Cys
105

gag
Glu

gat
Asp

tcg_'

S;r

ctg
Leu

gag
Glu

acqg
Thr

ctg
Leu
90

ceg

Pro

tcg
Ser

tge
Cys

@a &0 OePEE GlIgA08c
3651% -EQ% LﬁUZ£L§; ﬂuag% thr &Faf)

acg
Thr

ctg
Leu

gtg
Val

cqg
Arg
75

aag
Lys

ccg
Pro

ttc
Phe

tgg
Trp

cag
Gln

aac
Asn

atc
Ile
60

cte
Leu

gge
Gly

acg
Thr

aag
Lys

gag
Glu
140

ccc
Ile

atg t
Arg

Val
aag
Pro

s e

ceq
Pro

ctg
Leu
45

agc
Ser

gaa
Gla

ccg
Pro

cce
Pro

gag
Glu
125

cce
Pro

tgg
Trp
30

teg
Ser

gag
Glu

ctg
Leu

cte
Leu

gaa
Glu
110

aac

Asn

gtg
Val

ggc ace ace tee ace
Thr
ccc
Pro

ac

gag
Phe

£89.£34
@35@&3

gag
Glu

cge
Arg

atg
Met

tat
Tyx

acq
Thr
85

acg

Thr

ctg
Len

cag
Gln

Thr
ate
Val

age
Met
ccc
Arg

cac
His

gat
Asp

tte
Phe

aag
Lys
80

atg
et

teg
Ser

aag
Lys

gag
Glu

Ser
cat
Gy
ccc
Tyr
ttc

Ile 50 55 60 sat gag

ccc att gcc

Thr
gtg
du
ace
Ser

agg

Asp Tyr

?ﬁe
u
86
144
192
240
288
336
384
432

435

cag
Val

Leu
ggg
Ile
t ea
Pro
gac
Val
gag
Lys

dn
gag
Tyr
ate
Thr
t at
Asp
gtq
Asn



165
576
190
Lou
tgc
Val

170 175 aca gag ace ctg ctg gtg cag eat gee dac act—gac-tgc aag ace

Thr

Glu Thr

Lou Leu Val

G@n Asn Ala Asn Pro Asp Cys Lys Thr Ile 180

ctg aag gee ctg ggc cca get gee ace ctg gag gag atq atg aca gcc 624

Lys Ala Leu Gy Pro Ala Ala Thr

Leu Glu Gu Met Met Thr Ala. 195 200

cag ggg gtg gga ggc cat ggc cac aag gee egg gtg etg tea 669 Cys An
Pro Ay Hrs-tys Ala Arg Val

Ay

dy

<211> 222
artificial
gene w th depleted
Leu SB% ﬁlNPaC’ IE)%F“L% Sei ’? Fo* Fhr Gipgf-

530 Ala Lau

Pro
Ser
Pro
Gn
Au
Ay
Thr
Val

Arg
Pro
Gn
Al a
Tip
Gn
Leu
Ay

Thr
du
Asp
Al a
Asp
Net
Gn
Gn

Val Ile Pro

CpG di nucl eot i des)

<212> PRT <213> Artificial
sequence:

The Ser

Met G n MessLau Lys Gu Ear I
H s Pro Val
Ar g g &1 ro* ARy ersan ASp'et |
Au G n

Arg Val

Hs Ala d

sequ

e

e

Gln Gly Leu Arg Gly Ser Leu Thr Lys Leu

85
Met Ala Ser His Tyr Lys
100
Cys Ala Thr Gln Ile Ile
115
Asp Phe Leu Leu Val Ile
130
210> 21
<211> 282
<212> DWA
<213> human
220>
<223> human MIPlalpha
<220>
<221> CDS

<222> (1)..1282)

<400> 21
atg cag gtc tce act

Met
1

cte
Leu

gcc
Ala

gct
Rla

ftc
Phe
65

tgg
Trp

Gln

tgc
Cys

tgc
Cys

gac
Asp
50

cta

Leu

gtc
Val

Val Ser Thr
5

aac cag gtc
Asn Gln Val
20

tge ttc agce
Cys Phe Ser
35

tac ttt gag
Tyr Phe Glu

acc aag aga
Thr Lys Arg

cag aaa tac
Gln Lys Tyr

gct
Ala

cte
Leu

tac
Tyr

acqg
Thr

gge
Gly
70

gte
val

Gln His Cys
105

Thx Phe Glu
120

Pro Phe Asp
135

50

Pro

Ser

Cys

&9/ 30 210 215 220

<210> 27

Ce <223> Description of the
p24 deltsa CpG gene (IrHJV-l pl asm d p24 (capsid protein)

<400> 27 Met VaI

ate..

185

205
Ay

Hs Gn Ala Il e Ser

P @P i u Lys Ala The

er Gu Ay Aa Thr
Leu vAS Asd Ria VB claAthuBA Arg,arg Leu 13® aédD1dbsetigVah Gy Gy Hi s

50 55 640 Asn Qu Gu Ala Ala

65 70 75 80 Pro lle Ala Pro
¢ Ko tE5SY0R St A Thr Thr Ser
le Ay Tip Mt Thr Asn Asn
| | e aby et ¥s3n ALY Pdd Phxl ¢y8 deheihatir Gy Led 8

65 70 75

100

Lys Gly Pro

Pro Thr Pro

Phe Lys Glu

125

Trp Glu Pro

140

gene wild-type {8CpG)

gece ctt gee
Ala Leuw Ala

tct geca cca
Ser Ala Pro
25

acc tcc cga
Thr Ser Arg
40

agc agc cag
Ser Ser Gln
55

cgg cag gtc
Arg Gln Val

gte
Val
10

ctt

Leu

cag
Gln

tgc
Cys

tgt
Cys

ctc
Leu

gct
Ala

att
Ile

tece
Ser

get
Ala
75

cte
Leu

gct
Ala

cca
Pro

aag
Lys
60

gac
Asp

agt gac ctg gag ctg agt
Ser Bsp Leu Glu Leu Ser

tge
Cys

gac
Asp

cag
Gln
45

cce
Pro

cce
Pro

gcc
Ala

105 110 Pro Pro Ile Pro
1e20r vt 255
80

Leu Thr
95

Glu Thr
110

Asn Leu

Val Gln

ace atg
Thr Met
15

acg cecg
Thr Pro
30

aat ttec
Asn Phe

agt gtc
Ser Val

agt gag
Ser Glu

tag

Met

Ser

Lys

Glu

gct
Ala

acce
Thr

ata
Ile

atc
Ile

gag
Glu
BO

48

96

144

182

240

282



Lau
Arg
160
175
185
200

Asn Lys Ile Val

Arg Met Tyr

Ser

Pro Thr
Gn dy Pro Lys Qu Pro Phe Arg Asp Tyr Val

Ser

Lys Thr Lau Arg Ala Gu Gn Ala Ser Gn du Vval
Lau Leu Val
190 Lau Lys Ala Lau Ay Pro Ala Ala Thr
2056 Cys Gn dy Vval
<210> 28 <211> 34

Thr @ u Thr

sequence:
caat aagctt gccaccatgg tgagadaggg cgag 34 95210> 29 <211> 29

Primer

Il'e Lau Asp Ile 130 135 140__
Asp Arg The Tyr

145 150 155

Lys Asn Tip Met 165 170
G n Asn Ala Asn Pro Asp Cys Lys Thr Ile 180
Lau u Gu Met Met Thr Ala 195
Gy Ay Pro @y H's Lys Ala Arg Val
<220> <223>
20130 huGFP-1 <400> 28

<212> DNA <213> Artifi %/:3' seqguence
Description of the artificial

Lau 210 215 220

<212> DNA <213>

<210> 30 <211>

Artificial sequence <220> <223> Description of the artificial sequence:
Primer huGPF-2 <400> 29 agtaggatcc tattacttgt acagctcgt 29
20 <212> D|\1A<@2&>332Art| ficial sequence

<212> PRT
<213> human

<223> human MIPlalpha gene wild-type

<400> 22

Met Gln Val Ser Thr

1

Leu

Ala

Ala

Phe
65

Trp

<210> 23

Cys
Cys
Asp

50

Leu

Val

Asn
Cys

35
Tyxr

Thr

Gln

<211> 435
<212> DNA
<213> human

<220>
<223> human GM-CSF

<2205
€221> CDS

<222> (1)

<400> 23

atg tgg ctg
Met Trp Leu

1

tet
Ser

gtg
Val

act
Thr

gac
Asp
65

gca

_Ala

aat
Asn

gct
Ala
50

ctc
Leu

ccc
Pro

gce
Ala
35

gct
Ala

cag
Gin

Gln
20

Phe

Phe

Lys

Lys

cag
Gln

gce
Ala
20

atc

Ile

gag
Glu

gag
Glu

5

Val

Ser

Glu

Arg

Tyr
85

. 1435)

agc
Ser
5

cge

Arg

cag
Gin

atg
Met

ccg
Pro

Ala

Leu

Tyr

Thr

Gly

70

Val

gene wild-type

ctg
Leu

tcg
Ser

gag
Glu

aat
Asn

acc
Thr
70

Ala

Ser

Thr

Ser
55

Arg

Ser

ctg
Leu

cce
Pro

gce
Ala

gaa
Glu
55

rtgc
Cys

Leu Ala Val Leu
10

Ala Pro

Ser Arg

40

Sex

Gln

Asp

ctc
Leu

age
Ser

<gg
Arg
40

aca
Thr

cta
Leu

25

Gln

Val

Leu

ttg
Leu

cecc
Pro
25

cgt
Arq

gta
Val

cag
Gln

Len

Gln Ile

Cys Ser

Cys Ala

Glu Leu

90

(8CpG)

Ala

75

Leu Cys Thr Met

Ala

Pro

Lys

60

Asp

Sex

(10CpG)

ggc
Gly
10

agc

Ser

ctc
Leu

gaa
Glu

acc
Thr

act
Thr

acg
Thr

ctg
Leu

gte
Val

cgc
Arg
75

gtg
val

cag
Gln

aac
asn

ate
Ile
60

ctg
Leu

15

Asp Thr Pro

30

Gln Asn Phe

45

Pro Ser Val

Pro Ser Glu

Ala

gcc
Ala

cco
Pro

ctg
Leu
45

teca

Ser

gag
Glu

tgc
Cys

tog
Trp
30

agt

Ser

gaa
Glu

ctg
Leu

agc
Ser
15

gag
Glu

aga
Arg

atg
Met

tac
Tyr

Ala

Thr

Ile

Ile

Glu
80

atc
Ile

cat
His

gac
Asp

ttt
Phe

aag
Lys
BO

48

%6

144

192

240



<220> <223> Description of the artificial sequence: Prinmer RT-oligol <400>
30 ccctgaagtt catctgcacc 20 <210> 31 <211> 22 <212> DNA <213> Artifici al
sequence <220> <223> Description of the artificial sequence: Prinmer oligo2
<400> 31 gatcttgaag ttcaccttga tg 22 <210> 32 <211> 34 <212> DNA <213>
Artificial sequence <220> <223> Description of the artificial sequence:
Primer mam p-1 <400>_32. caggtaccaa gcttatgaag gtctccacca ctgc 34 <210> 33
<211> 43 <212> DNA <213> Artificial sequédte <220> 21/30 <223>
Descri ption of cfghg;cakdy £sCiqRl ag8 QAL GRE §ag REL JBI P22 409> 38 cagagcet cga
gt cat gaaga ct agicgqg!iyt negzja.g?tgtgl%as;ggtmeagz 433 Lﬁ%ghPﬁZﬁﬁﬁ&e%<212> DNA

85 90 95

atg gcc agc cac tac aag cag cac tge cct cca acc cecg gaa act tee 336
Met Ala Ser His Tyr Lys Gln His Cys Pro Pro Thr Pro Glu Thr Ser
100 105 116

tgt gca acc cag att atc acc ttt gaa agt ttc aaa gag aac ctg aag 384
Cys Ala Thr Gln Ile Ile Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys
115 120 125

gac ttt ctg ctt gte atec ccec ttt gac tgc tgg gag ¢cca gtc cag gag 432
Asp Phe Leu Leu Val Ile Pro Phe Asp Cys Trp Glu Pro Val Gln Glu
130 135 140

tag 435

145

<210> 24

<211> 144

<212> PRT

<213> human

<223> human GM~-CSF gene wild-type (10CpG)

<400> 24
. Met Trp Leu Gln Ser Leun Leu Leu Len Gly Thr Val BRla Cys Ser Ile
1 5 10 15

Ser Rla Pro Ala Arg Ser Pro Sexr Pro Ser Thr Gln Pro Trp Glu His
20 25 340

Val Asn Ala Ile Gln Glu Ala Arg Arg Leu Leu Asn Leu Ser Arg Asp
35 40 45

Thr Ala Ala Glu Met Asn Glu Thr Val Glu Val Ile Ser Glu Met Phe
50 55 60

Asp Leu Giln Glu Pro Thr Cys Leu Gln Thr Arg Leu Glu Leu Tyr Lys
65 70 75 80

Gln Gly Leu Arg Gly Sexr Leu Thr Lys Leu Lys Gly Pro Leu Thr Met
85 90 95

Met Ala Ser His Tyr Lys Glan His Cys Pro Pro Thr Pro Glu Thr Ser
100 105 110

Cys Ala Thr Gln Ile Ile Thr Phe Glu Ser Phe Lys Glu Asn Leu Lys
115 120 125

Asp Phe Leu Leu Val Ile Pro Phe Asp Cys Trp Glu Pro Val Gln Glu
130 135 140

<210> 25
<211> 3034
<Z12> DNA

<213> prtificial sequence

<220>



<213> Artificial sequence <220> <223> Description of-the-artificial
sequence: Prinmer hugm 1l <400> 34 caggtaccaa gcttatgtgg ctgcagagcc tgc 33
<210> 35 <211> 43 <212> DNA <213> Artificial sequence <220> <223>
Description of the artificial sequence: Primer hugm2 <400> 35 cagagctcga
gt cat gaaga ctactcctgg actggctccc agc 43 <210> 36 <211> 33 <212> DNA <213>
Artificial sequence <220> <223> Description of the artificial sequence:
Primer hum p-1 <400> 36 cagtaccaag cttatgcagg tctccactgc tgc 33 <210> 37
<211> 45 <212> DNA <213> Artificial sequ%ce <220> <223> Descri ption of
the artificiak:sequeneeptBn §Brare: FETEP-20540Q% 3Lka80a8Ct cga gt cat gaaga
ct aggcact c agct ccaggitoeactg 45 <210> 38 <211> 43 <212> DNA <213>
Artificial sequence

<400> 25

atcgatgttg
ttcatageee
gaccgececaa
caatagggac
cagtacatca
ggccegectg
tctacgtatt
gtggatageg
gtttgttttyg
tgacgcaazat
taactagaga
cccaagctgt
aacctgtgee
cectggaagg
gtctgagtag
attgggaaga
attcatgtga

-gtttttcecat

gtggcgaaac
gcgctetect
aagcgtggeg
cteccaagcetg
taactatcgt
tggtaacagg
gcctaactac
taccticgga
tggttttttr
tttgatcttt
gattttggtc
aagttttaaa
atgcttaatce
ctgactgcecet
tgcaatgata
agctggaagg
taattgttgt
tgcecattget
tggttecceat
cteetttggt
tatggcagcea
tggactgtac
cccagcatea
tggaaatctt
aatgtaaccc
tgggtgagca
atgttgaata
ttattgtcte
atgcattcag
cccaatccce
tatctgctec
acaacaaggc
gcactgcttg

<210>
<211>
<212>
<213>

26
669
DNR

<220>

acattgatta
atatatggag
cgacccecge
tttecattga
agtgtatcat
gcattatgce
agtcatcgct
gtttgactca
gcaccaaaat
gggcggtadg
acccactgcet
taagcttggt
ttctagttge
tgccactece
gtgtecattct
caatagcagg
gcaaaaggcece
aggctcegee
ccgacaggac
gtteccgacee
ctttcteata
ggctgtgtge
cttgagtcca
attagcagag
ggctacacta
aaaagagttyg
gtttgcaage
tctacgggag
atgagattat
tcaatctaaa
aatgaggcac
gtggtgtaga
cctctagacc
gcagacctca
ctggaagcta
acaggcatgg
ctatcaagce
cctcecaatgg
ctgcataatt
tcaaccaagt
attctggata
tcttetggte
actcttgcac
aaaacaggaa
ctecatagtac
atgagcggat
ctcacatttc
tatggtgcac
ctgcttgtgt
aaggcttgac
gagatgtact

ttgactagtt
ttecgegtta
ccattgacgt
cgtcaatggg
atgccaagta
cagtacatga
attaccatgg
cggggatttc
caacgggact
cgtgtacggt
tactggctta
agatatcagg
cagccatctg
actgtcettt
attctggggg

‘catgctgggy

agcaaaaggo
cceetgacga
tataaagata
tgcegettac
gctcacgcetyg
acgaacecce
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
atctgtctga
caaaaaggat
gtatatatga
caatctctgce
taactacaat
ctectctcace
gaagtggtcc
gagtaagcag
tggtgtcecet
tagttacatg
ttgtcaaaag
ctettactgt
cattctgaga
atactgcacc
taaaactctc
ccaactgatce
ggcaaaaggc
tactctteect
acatatttga
cctgaaaagt
tctcagtaca
gttgyaggtc
ctacaattgc
ggccagatat

Artificial sequence

attaatagta
cataacttac
caataatgac
tggagtattt
cgeccectat
ccttatggga
tgatgeggtt
caagtctcca
ttccaaaatg
gggaggtcta
tctaaattaa
gatccactca
ttgtttgcee
cctaataaaa
gtggggtggg
atgcggtggg
caggaaccgt
gcatcacaaa
ccaggegttt
cggatacctg
taggtatctc
cgttcageccce
acacgactta
aggcggtget
atttggtatc
atccggcaaa
gcgcagaaaa
ctctcagtgg
cttcacctag
gtaaacttgg
aatctgcecta
cctggagggce
tgctecagat
tgcaacttta
ttcaccagtt
ctcatcattt
atcacccatg
taagttggca
catgecatct
atagtgtatt
acatagcaga
aaggatetta
ttcagecatct
agcaaaaaag
ttttcaatat
atgtatttag
gcecacctgaa
atctgctetg
actgagtagt
atgaagaatc
acta

atcaattacg
ggtaaatggce
gtatgttcce
acggtaaact
tgacgtcaat
ctttectact
ttggcagtac
ccceattgac
tcgtaacaac
tataagcaga
tacgactcac
gctgateage
cteeecegty
tgaggaaatt
gcaggacage
ctctatggee
aaaaaggccyg
aatcgacgct
cccectggaa
tcegecttte
agttcggtgt
gaccgctgceg
tcgecactgg
acagagttct
tgegetcetge
caaaccaccqg
aaaggatctc
aaccaaaact
atccttttaa
tctgacaggt
tttcteteat
ttaccatctg
ttatctgcaa
tctgeeteeca
aatagtttec
ggtatggctt
ttgtgcaaaa
gcagtgttat
gtaagatgcet
cttctaccca
actttaaagg
ccagagttga
tttactttca
ggaataaggg
tattgaagca
aaaaataaac
attgactgat
atgcctcata
ggactagcaa

tgcttagggt

gggtcattag
ccgectgget

atagtaacgc
gecccacttgg
gacggtaaat
tggcagtaca
atcaatgggce
gtcaatggga
tcegecceat
gctctctgge
tatagggaga
ctccagttta
ccttecttga
gcatcgeatt
aagggggagg
cgggtagtga
cgttgectgge
caagtcagag
gctcectegt
tcectteaggg
aggtcgtteg
ccttatcegg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagcegg
aagaagatce
catgttaagg
attaaaaatg
taacttacca
ccatggttge
gceccagtge
tgaaccagec
tceagtectat
tcaaggttgt
cattcagcetce
aagcagtcaa
cactcatggt
tttectgtgac
gttgctcttg
tgctecatcat
gatccagttc
ccagggtttc
caactctgaa
tttatcaggg
aaataggggt
agggagttct
gttaagccag
aatttaagct
taggcctttt

€0
120
180
240
300
360
420
480
540
800
660
720
780
B40
%00
960
1020
1080
13140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3034



<220> 22130 <223> Description of the artificial sequence: Priner p24-1 w
<400> 38 actaggtacc atctaagctt atgcccatcg tgcagaacat cca 43 <210> 39 <211>
45 <212> DNA <213> Artificial sequence <220> <223> Description of the
artificial sequence: Prinmer p24-2 <400> 39 tcaagagctc gactggatcc tattacagca
ccctggectt gtggec 45 <210> 40 <211> 41 <212> DNA <213> Artificial sequence
<220> <223> Description of the artificial sequence: Prinmer CW-1 <400> 40
caaaggtacc qttaatcgat gttgacattg attattgassoa 41 <210> 41 <211> 24 <212>
DNA <213> Artifi i alesSLGHEBERE €R2Q2t KA232) Degoeipti o dklthe artifici al
sequence: Priner CM¢e2gered00v-4lpgaalgagdt Ccapgtd traphtin)gaees 24 <210> 42
<211> 35 <212> DNAvi«R1S:plAred £reidbuskaphiedrd <220> <223> Descri pti on of

t he artificialcggguence; Primer on-1

<221> CDS
<222> (1)..(BS6)

<400> 26
atg gtg cac cag gec atc age ccc agg acc ctg aat gee tgg gtg aag 48
Met Val His Gln Ala Ile Ser Pro Arg Thr Leu Asn Ala Trp Val Lys

i 5 10 15

gtg gtg gag gag aag gcc ttc agc cct gag gtg atc ccc atg ttc teot 96
Val Val Glu Glu Lys Ala Phe Ser Pro Glu Val Ile Pro Met Phe Ser
20 25 30

gcc ctg tct gag ggg goc acc ccc cag gac ctg aac acc atg ctg aac 144
Ala Leu Ser Glu Gly Ala Thr Pro Gln Asp Leu Asn Thr Met Leu Asn
35 40 45

aca gtg§ ggg ggc cac cag gct gec atg cag atg ctg aag gaa acc atc 192
Thr Val Gly Gly His Gln Ala Ala Met Gln Met Leu Lys Glu Thr Ile
50 55 60

aat gag gag 'gct gct gag tgy gac aga gtg cac cct gtg cat get ggc 240
Asn Glu Glu Ala Ala Glu Trp Asp Arg Val His Pro Val His Ala Gly
65 70 75 80

ccc att gec cet gge cag atg agg gag ccc agg gge tct gac att get 288
Pro Ile Ala Pro Gly Gln Met Arg Glu Pro Arg Gly Ser Asp Ile Ala
- 85 20 85

ggc acc acc tcc acc ctg cag gag cag att ggc tgg atg acc aac aac 336
Gly Thr Thr Ser Thr leu Gln Glu Gln Ile Giy Trp Met Thr Asn Asn
100 105 110

cee cee atc cct gtg ggg gag atc tac aag aga tgg atc atc ctg ggc 384
Pro Pro Ile Pro Val Gly Glu Ile Tyr Lys Arg Trp Ile Ile Leu Gly
115 120 125

ctg aac aag att gtg agg atg tac agc ccc acc tec ate ctg gac atc 432
Leu Asn Lys Ile Val Arg Met Tyr Ser Pro Thr Ser Ile Leu Asp Ile
130 135 140

agg cag ggc ccC aag gag ccC ttc agg gac tat gtg gac agg ttc tac 480
Arg Gln Gly Pro Lys Glu Pro Phe Arg Asp Tyr Val Asp Arg Phe Tyr
145 150 135 160

aag acc ctg agg gct gag cag goc age cag gag gtg aag aac tgg atg 528
Lys Thr Leu Arg Ala Glu Gln Ala Ser Gln Glu Val Lys Asn Trp Met
165 170 175

aca gay acc ctg ctg gtg cag aat gcc aac cct gac tgc aag ace atc 576
Thr Glu Thr Leu Leu Val Gln Asn Ala Asn Pro Asp Cys Lys Thr Ile
180 185 130

ctg aag gcc ctg gge cca get geoe acc ctg gag gag atg atg aca gce 624
Leu Lys Ala Leu Gly Pro Ala Ala Thr Leu Glu Glu Met Met Thr Ala.
155 200 205

tgc cag ggg gtg gga ggc cct ggc cac aag goc agg gtg ctg taa 669
Cys Gln Gly Val Gly Gly Pro Gly His Lys Ala Arg Val Len



<400> 42 gtcacccggg tagtgaattc atgtgagcaa aaggc 35

DNA <213> Artifici
sequence: Prinmer o
tagct 35

DNA <213> Artifici
sequence: Prinmer p
39 <210> 46 <211>

al
n-2

al

%o

sequence

<210> 44 <211> 42

<210> 43 <211> 35

<212>

<220> <223> Description of the artificial
<400> 43 Z3130 gatcttttct acgggagatc tgtcaatcga
<212> DNA <213> Artificial
<223> Description of the artificial
gttagagcte cagtgtttaa acctgtgcct tctagttgcc ag 42
seqguence

sequence:

Priner

pa-
<210> 45 <211> 39

se
1

quence <220>
<400> 44
<212>

<220> <223>Y3¢scription of the artificial
ggg ccatagagcc caccgcatc

<400> 45 ggg

<212> DNA

Description of the artificial

<210>
<211>
<212>
<213>
<223>

<400>

CpG gene

27
222
PRT
Artificial sequence
Description of the artificial sequence: p24 delta
(capsid protein) gene

(HIV-1 plasmid p24

sequence:

acctacc gata

13> Artifici
Pri ner

with depleted CpG dinucleotides)

27

5

Met Val Bis Gln Ala Ile Ser Pro Arg Thr Leu Asn

1

Val
Ala
Thr
Asn
65"
Pro
Gly
Pro
Leu
Arg
145
Lys
Thr

Leu

Cys

Val

Leu

Val

50

Glu

Ile

Thr

Pro

Asn

130

Gln

Thr

Glu

Lys

Gln
210

Glu

Ser

35

Gly

Glu

Ala

Thr

Ile

115

Lys

Gly

Leun

Thr

ala

195

Gly

<210> 28
€211> 34
<212> DNA
<213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer

Glu

20
Glu
Gly
Ala
Pro
Ser
100
Pro
Ile
Pro
Arg
Leu
180

Leu

Val

5

Lys

Gly

His

Ala

Gly

85

Thr

Val

Val

Lys

Ala

165

Leu

Gly

Gly

Ala

Ala

Gln

Glu

70

Gln

Leun

Gly

Arg

Glu

150

Glu

Val

Pro

Gly

Phe

Thr

Ala

55

Trp

Met

Gln

Glu

Met

135

Pro

Gln

Gln

Ala

Pro
215

Ser

Pro

40

ala

Asp

Arg

Glu

Ile

120

Tyzr

Phe

Ala

Asn

Ala

200

Gly

Pro

25

Gln

Met

Arg

Glu

Gln

105

Tyr

Ser

Arg

Ser

Ala

185

Thr

His

10

Glu

Asp

Gln

Val

Pro

90

Ile

Lys

Pro

Asp

Gln

170

Asn

Leu

Lys

val

Leu

Met

His

75

Arg

Gly

Arg

Thr

Tyr

155

Glu

Pro

Glu

Ala

Ile

Asn

Leu

60

Pro

Gly

Trp

Trp

Ser

140

Val

Val

Asp

Glu

Arg
220

sequence
ref-del -i

Ala Trp Val

Pro

Thr

45

Lys

Val

Ser

Met

Ile

125

Ile

Asp

Lys

Cys

Met

205

Val

Met

30

Met

Glu

His

Asp

Thr

110

Ile

Leu

Axrg

asn

Lys

190

Met

Leu

15

Phe

Leu

Thr

Ala

Ile

95

Asn

Leu

Asp

Phe

Trp

175

Thr

Thr

<220> <223>
<400> 46

Lys

Ser

Asn

Ile

Gly -

80

Ala

Asn

Gly

Ile

Tyr

160

Met

Ile

Ala



t cagat gcat ccgtacgtta acat gt gagc aaaaggccag ca 42 <210> 47 <211> 33 <212>
DNA <213> Artificial sequence <220> <223> Description of the artificial o
sequence: Primer .ref-del-2 <400> 47 agtcatgcat ccatagagcc caccgcattc cca
33 <210> 48 <211> 33 <212> DNA <213> Artificial sequence <220> <223>
Description of the artificial sequence: Primer 5 -3 <220> <223> huil-1
24/ 30 <400> 48 caggtaccaa gcttatgaga atttcgaaac cac 33 <210> 49 <211> 45
<212> DNA <213> Artificial sequence <220> <223> Description of the
artificial sequence: Primer 5 -3 <220> <29%¥> huil-2 <400> 49 cagagctcga
gt cat gaaga ct aagaagigri-hgat gaaca tttgg 45 <210> 50 <211> 34 <212> DNA

<213> Artificial sequence
<400> 28

caataagctt gccaccatgg tgagcaaggg cgag 34

<210> 29
<211> 289
<212> DNA

<213> prtificial sequence

<220>
«223> Description of the artificial sequence: Primer
huGPF-2

<400> 29
agraggatcce tattacttgt acagetcegt 2%

s <210> 30
<211> 20
<212> DNA

<213> paytificial sequence

<220>
<223> Description of the artificial sequence: Primer
RT-o0ligol

<400> 30
ccetgaagtt catctgcacc 20

<210> 31

<211> 22

<212> DNA

<213> aprtificial sequence

<220> ;
<223> Description of the artificial sequence: Primer oligo2

<400> 31
gatcttgaaqg ttcaccttga tg 22

<210> 32

<211> 34

<212> DNA

<213> prtificial sequence

<220>
<223> Description of the artificial seguence: Primer
mamip-1

<400> 32 .
caggtaccaa gecttatgaag gtctccacca ctge 34

<210> 33
<211> 43
<212> DNR

<213> Artificial sequence

<220>



<220> <223> Description of the artificial sequence: Prinmer 5 -3 <220> <223>
magm 1 <400> 50 caggtaccaa gcttatggcc cacgagagaa aggc 34 <2I0> 51 <211> 43
<212> DNA <213> Artificial sequence .~,. <220> <223> Description of the
artificial sequence: Prinmer 5 -3 <220> <223> magm 2 <400> 51 cagagct cga
gtcatgaaga ctatttttgg cctggttttt tgc 43 <21D> 52.<211> 489 <212> DNA <213>
Artificial sequence <220> <223> Description of the artificial_sequence:
synthetic gene <220> <223> hurran IL 15-2BCPG  <220> 25!30 <221> CDS <222>
(1)..(489) <400> 5 Cc_cac ctg age ate age ate cag
tgc tac 48 I\/E\tzz,&> g‘;st ggﬁ/s rﬁl gjgﬁ_lﬁg KNGS T lle Gn Cys Tyr
1510 15 ctg tgc ctg ctg ctg aac age cac ttc ctg aca gag goo ggc ate cac
96 Lau Cys Lowdbawslau Asn Ser H's the Leu Thr Qu Ala Ay Ile Hi's

cagagctcga gtcatgaaga ctaggcattc agttccaggt cag 43

<210> 34
<211> 33
<212> DNA

" <213> artificial sequence

<220>
<223> Description of the artificial sequence: Primer hugm-1

<400> 34
caggtaccaa gcttatgtgg ctgcagagec tge 33

e <210> 35
<211> 43
<212> D¥A

<213> Artificial sequence

<220>
¢223> Description of the artificial seqguence: Primer hugm-2

<400> 35
cagagctcga gtcatgaaga ctactcctgg actggctcece agce 43

<210> 36
<211> 33
<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer
hunip-1

<400> 36
cagtaccaag cttatgcagg tctccactge tge 33

£210> 37

<211> 45

<212> DNA

<213> Artificial seguence

<220>
<223> Description of the artificial sequence: Primer
‘humip-2

<400> 37
cagagctcga gtcatgaaga ctaggeacte agctccaggt cactg 45

<210> 38
<211> 43
<212> DNA

<213> artificial seguence

<220>



20 25 30 gtg ttt ate ctg ggc tgc ttc tat gee ggc ctg cot aag aca gag gcc -
Phe Ile Lau Ay Cys Phe Ser Ala lily Lau Pro Lys Thr Gu Ala 35 40

144
45

Trp
atg
I'le
gtg
Al a
ggc
Al a
age
Ser
ctg
Au
atg
I'le
PRT

Val
aac
Val
cac
Asp
acc
Met
gat
Ser
ctg
Ser
gag
Lys
ttc
Asn

<213> Arti Fih

tgg
Asn

atc
Al a
gcc
Lys
gcc
I'le
age
Asn
gag
Asn
ate
145

gtg aac gtg ate age gac ctg aag aag ate gag gac ctg ate 192 Asn
Val Ile Ser Asp Lau Lys Lys Ile GQu Asp Lau Ile 50 55 60 cag age
gac goo ace ctg tac aca gag age gac gtg cac 240 4Gn Ser Met Hi s
Thr Lau Tyr Thr G u Ser Asp Val H's 65 70 75 80 act age tgt aag
atg aag tgc ttc ctg ctg gag cig;cag 288 Pro Ser Cys Lys Val Thr
Cys the Leu Lau Gu Lau G n 85 90 95 gtg ate age ctg gag age

age22ar ebsarigfdonack the prgati3856 sedakndd:ePSarerlp2d-G u Ser Ay Asp
H's Asp Thr Val G n 100 105 110 aac ctg ate ate ctg goo aac aac

agdif8a 8 t 4 le Ile Lau Al a Asn Ser Leu
o atre e et deeeCiloalite® goe tac aag 039 Lot gag gag
aag aac ate 432 Thr Qu Ser Gy Cys Lys Au Cs Qu Gu Lau Gu
| | 218339135 140 aag gag ttc ctg cag age ttc gtg cac ate gtg cag
aac248@5 Lys A u The Lau Gn Ser the Val Hs Ile Val Gn Mt the
152388 G0 ace age tag 489 Thr Ser <210> 53 <211> 162 <212>

>

T artdEftiddceeTed98> human | L-15- 21CpG  <400> 53 Met Arg lle

Ser Lys Pro Hissdgau Arg Ser Ile Ser Ile @n Cys Tyr 1 5 10 15

<223> Description of the artificial sequence: Primer p24-2

<400> 39
tcaagagcte gactggatce tattacagea ccctggectt gtgge 45

<210> 40
<211> 41
<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial seguence: Primer CMV-1

<400> 40 .
caaaggtacc gttaatecgat gttgacattg attattgact a 41

<210> 41
<211> 24
<212> DRA

<213> Artificial sequence

<220>
223> Description of the artificial seguence: Primer CMV-2

<400> 41
gaatgagcte tgcttatata gace 24

<210> 42
<211> 35
<212> DNA

<213> prtificial sequence

<220>
<223> Description of the artificial sequence: Primer ori-1

<400> 42
gtcacccggg tagtgaattc atgtgagcaa aagge 35

<210> 43
<211> 35
<212> DNA

<2137 prtificial seguence

<220>
<223> Description of the artificial seguence: Primer ori-2

<400> 43



Lau Cys Lau Lau Lau Asn Ser His the Lau Thr GQu Ala Gy Ile Hs 20 25 30

Val Phe Ile Lau Gy Cys Phe Ser Ala Ay Lau Pro Lys Thr Gn Ala 35 40 45
26/ 30 Asn Trp Val Asn Val Ile Ser Asp Leu Lys Lys Ile Gu Asp Leu Ile 50 55
60 Gn Ser Net Hs Ile Asp Ala Thr Leu Tyr Thx Qu Set Asp Val Hs 65 70
75 80 Pro Ser Cys Lys Val Thr Ala Met Lys Cys the Leu Leu Gu Len A n 85 90
95 Val Ile Ser Leu Gu Ser Ay Asp Ala Serylle Hs Asp Thr Val Gn 100 105
110 Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Set Asn Ay Asn Val 115 120
125 Thr du Ser*8YyrofsapyrericytaEy@teyautasrt Leu Gu G u Lys Asn3ble 130 135
140 Lys Gn the Leu Gn Ser the Val Hs Ile Val Gn Met the Ile Asn 145
150 155 160 ThreogRr46<210> 54 <211> 426 <212> DNA <213> Artifici al
sequence <220> «@223%2 Description of artificial sequence: synthetic gene
<220> <223> nurdi2pne @k CSF- 62CpG <220> <221> CDS <222> (1)..(426) <400> 54
atg tgg ctg cag <@ut aryifdriplt sequsingegge atc gtc gtg tac tcg ctg 48 Met Trp
Leu A n Asn Leu <|2%1> Phe Leu Ay Ile Val Val Tyr Set Leu

<223> Description of the artificial sequence: Primer pa-1

<400> 44
gttagagctc cagtgtttaa acctgtgect tctagttgee ag 42

<210> 45

<211> 39

<212> DNA .-
<213> Artificial sequence

<220> '
<223> Description of the artificial sequence: Primer pa-2

<400> 45
caaacctacc gatacccggg ccatagagec caccgeatce ) 39

<210> 46

<211> 42

<212> DNA

<213> Artificial sequence

<220>
<223> Description of the artificial sequence: Primer
ref-del-1

<400> 46
tcagatgcat ccgtacgtta acatgtgagc aaaaggccag ca 42

<210> 47

<211> 33

<212> DNA

<213> Artificial seguence

<220>
<223> Description of the artificial sequence: Primer
ref-del-2

<400> 47
agtcatgcat ccatagagcc caccgcatec cca 33

<210> 48

<211> 33

<212> DNA

<213» prtificial secquence

<220>
<223> Description of the artificial sequence: Primer 57-3

<220>
<223> huii-1



1 5 10 15 ago gcg cog aeg cgc teg ecg' ate ace gtg acg cgg ccg tgg aag cac
96 Ser Ala Pro Thr Arg Ser Pro Ile Thr Val Thr Axg Pro Trp Lys H's 20 25 30
gtc gag gcg ate aag gag gcq ctg aac ctg etc gac gac atg ccc gtg 144 Val Gu
Ala Ile Lys Gn Ala Leu Asn Leu Leu Asp Asp Met Pro Val 35 40 45 acg ctg
aac gag gag gtc gag gtc gtg tog aac gag ttc tcg ttc aag 192 Thr Lea Asn Qu
Gu Val du Val Vval Ser Asn A u Phe Ser Ph4J ys 50 55 60 aag ctg acg tgo gtg
cag acg cgg ctg aag ate ttc gag cag ggc 40 Lys Leu Thr Cys Val G n Thr
Arg Leu Lys Ile Phe u A n Ay Leu 65 70 75 80 27/ 30 cgc ggc aac ttc acg
aag ctg aag ggc<4yéy 46tg aac atg acc gcg tcg 288 Arg Gy Asn The Thr Lys Lau
Lys Ay A a Lenc3qtaEt? vrt2iqage SEtc8329F295 tac tac cag acg tacdtgc cog cog
acg ccc gag acc gat tgc gag acg 336 Tyr Tyr G n Thr Tyr Cys Pro Pro flit
Pro G n Thr Asp.fys ;6 n Thr 100 105 110 cag gtg acq acg tac gcc gac ttc ate
gac tcg ctg aag<aqg sstc ctg 384 Gn Val Thr Thr Tyr Ala Asp The Ile Asp Ser
Len Lys Thr The<2lgw b#A5 120 125 acc gac atc ccg ttc gag tgc aag aag ccc ggc
cag aag tag 426<2¥PhrArAsHidibe fRogerdee G n Cys Lys Lys Pro Ay G n Lys 130 135
140 <210> 55 <§ﬁ$§ 141 <212> PRT <213> Artificial sequence <223> nurine
GV CSF-62CpG < . Ir y Ile Val Val
Tyr Set Len 1 >ODlegérl e%on Og ‘Ilgr?eg %& ﬁqgl é@g %51%% }]k}q 1zﬂﬁr \C/;gl Thr Arg Pro
Trp Lys His <2205

<223> huil-2

<400> 49

cagagctcga gtcatgaaga ctaagaagtg ttgatgaaca titgg 45
[

<210> 50

<211> 34

<212> DWA

<213> prtificial sequence

<220>

<223> Descripticn of the artificial seguence: Primer 5'-3

<220>

<223> magm-1

<400> 50

caggtaccaa gcttatggcc cacgagagaa agge 34

<210> 51

<211> 43

<212> DNA

<213> prtificial seguence

<220> .

<223> Description of the artificial sequence: Primer 5'-3

<220>

<223> magm-2

<400> 51

cagagctcga gtcatgaaga ctatttftgg cctggttttt tge 43

<21D> 52

<211> 489

<£212> DNA

<213> Artificial sequence

<220>
4223> Description of the artificial sequence:
gene

<220>
£223> human IL-15-21CpG

<220>

synthetic



20 25 30 \Val
35 40 45 Thr

70 75 80 Arg Ay An The Thr
90 95 Tyr Tyr G n Thr Tyr Cys Pro Pro Thr
Val Thr Thr Tyr Ala Asp Phe Ile Asp Set Lau Lys Thr The Len
120 125 Thr Asp Ile Pro The Gn Cys Lys LywoPro Ay Gn Lys 130 135 140
<210> 56 <211> 42§291> <

wi I d-type (3CpQ);,5

105 110

att tog
Lys Pro
eta aac
Ser H's
ttc agt
Ala Ay

G n

aaa
H s
agt
Phe
gee
Leu

Len Asn Gn @ u Val
55 60 Lys Len Thr Cys Val

;

G n Val

Val

12> DNA <213> human
720> §221> Cos 28130 <222> (1)..(489) <400> 56 atg aga

<220> <223> human

I L-15

Gn Alalle Lys Qu Ala Len Asn Lau Len Asp Asp Met Pro Val
Set Asn G n Phe Set the Lys
Gn Thr Arg Len Lys Ile Phe Gn Gn dy Len

Lys Len Lys Ay Ala Len Asn Met Thr Ala Set 85
Pro Gn Thr Asp Cys @ u Thr

50
65

100
115

cca cat ttg ago agt att tee atc cag tgc tac 48 Mt Arg Ile Ser

Lou <Asog Ber

cat 3tqtc9pBEE a%% ayaer
Lou MT{‘IIAIGI{:F Aalg
Cc

t cct an aca gaa gcc 144 Val

999

Il e Her

QAT

fro fie

Ile Gn Cys Tyr

eggqtage ¢bg 296atd easp
STIFep3I86°r Gttt eysal¥ ttg ggc tgt

Pro ckysqd Bty Qe fac3Rycdlc4hc

Leu Leu Asn Ser His Phe

Leu Cys Leu

gtg
Val

aac
Asn

cag
Gln
65

cct
Pro

gtg
val

aac
Asn

acc
Thr

aag
Lys
145

acc
Thr

<210>
<211>
<2125
<213>
<223>

<400>

ttt
Phe

tgg
Trp
50

age
Ser

age
Ser

ate
Ile

ctg
Leu

gag
Glu
130

gag
Glu

age
Ser

atc
Ile

gtg
Val

atg
Met

tgt
Cys

age
Ser

atc
Ile
115

agc
Ser

ttc
Phe

tag

53
162
PRT
Artificial sequence
human IL-15-21CpG

53

20
ctg

Leu

aac
Asn

tac
His

aag
Lys

ctg
Leu
100

atc
Ile

ggc
Gly

ctg

Leu

ggc
Gly

gtg
Val

atc
Ile

gtg
Val
85

gag
Glu

ctg
Leu

tgc
Cys

cag
Gin

tge
Cys

ate
Ile

gac
Asp
70

acc
Thr

age
Ser

gcc
Ala

aag
Lys

age
Ser
150

ttc
Phe

agce
Ser
55

gce
Ala

gee
Ala

ggc
Gly

aac
Asn

Jag
Glu
135

tte
Phe

tct
Ser
40

gac
Asp

ace
Thr

atg
Met

gat
Asp

aac
Asn
120

tgt
Cys

gtg
Val

Met Arg Ile Ser Lys Pro His Len

1

5

Leu Cys Leu Leu Leu Asn Ser His

20

val Phe Ile Leu Gly Cys Phe Ser

35

40

25

gcc
Ala

ctg
Leu

ctg
Leu

aag
Lys

gce
Ala
105

agc

Ser

gag
Glu

cac
His

ctg
Ley

gge
Gly

aag
Lys

tac
Tyr

tgc
Cys
30

agc

Ser

ctg
Leu

gag
Glu

atc
Ile

aca gag
Thr Glu

ctg cct
Leu Pro

aag atc
Lys Ile
60

aca gag
Thr Glu
75

ttc ctg
Phe Leu

atc cac
Ile His

agc age
Ser Ser

ctg gag
Leu Glu
140

gtg cag
Val Gln
155

gce
Ala

aag
Lys
45

gag
Glu

agc
Ser

ctg
Leu

gac
Asp

aac
Asn
125

gag
Glu

atg
Met

Arg Ser Ile Ser lle

10

ggc
Gly
30

aca
Thr

gac

gac
Asp

gag
Glu

acc
Thr
110

ggc
Gly

aag
Lys

tte
Phe

Gln

Phe Leu Thr Glu Ala Gly

25

Ala Gly Leu Pro Lys

45

30

Thx

15 10 15

atc
Ile

gag
Glu

ctg
Leu

gtg
Val

ctg
Leu

85
gtg
Val

aat
Asn

aac
Asn

atc
Ile

Cys
15

Ile

Glu

ttg tgt tta ctt
Qstdceu 4dBeu Lou Asn

cac
His

gcc
Ala

atc
Ile

cac
His

80
cag
Gln

gag
Glu

gtg
Val

atc
Ile

aac
Asn
160

Tyr

His

Rla

96

192

240

288

336

384

432

480

489

Phe I1e Ldu @y Cys Phe Ser



aac tgg gtg
Val Asn Val

cat att gat
Asp Ala Thr
aca gca atg
Met Lys Cys
gat gca agt
Ser Ile H's
ttg tat tct
Ser Asn Ay
gag gaa aaa

aat gta eta agt gat ttg aaa aaa att gaa gat ctt att 192 Asn Trp
Ile Her Asp Lou Lys Lys Ile Qu Asp Lau Ile 50 55 60 caa tct atg
get act tta tat acg gaa agt gat gtt ceo 240 dn Ser Met His Ile
Leu Tyr Thr Qu Her Asp Val H's 65 70 75 80 ccc agt tgc aaa gta
aag tgc ttt ctc ttg gag tta caa 288 Pro Ser Cys Lys Val Thr Al a
The Lou Leu G n Lou An 85 90 95 gtt att tca ctt gag tcc gga
att cat gat aca gta gaa 336 Vg, Ile Ser Lou Gu Ser Gy Asp Ala
Thr vVal @ u 100 105 110 eat ctg ate ate eta gee aac aac agt

Asp

a t 384 (As Ala Asn Asn Her Lou Ser
A?E sn%%% ﬁ% As%z\gal % cgsngl-gl'aa SSL yagﬁg chj(‘f ?$8d°Bd4®t gt gag gaa ctg
eat att 432 Thx Qu Ser Gy Cs Lys Au Cys Gu Gu Leu u Qu

Lys M Il e 130:123%=rIM@ maallgamspt Al trrglecalyr Bt dltisegiamdp @l mEt gte caa atg

ttc etc aac
Asn 145 150
<213> hunman
Pro Hs Leu
Asn Ser Hi s
Cys The Ser

4835 Lys Qu Phe 'du Gn Her The7¥al His Ile Valse@n Met the Ile
155 160 act tct 489 Thr_ Her <210> 57 <211> 162 <212> PRT
<2Z8HuHENE V;ST’\XAQIT“G 'f?&@s(cggﬁéf Le%iﬁb§157“e 2Arg Ile Ser Lys
Arg Ser Ile Serlle dn Cys Tyr 1 5 10 15 X u Cys Lou Lou Lau

Thailad searidd slufber dyyash!@atdes 120 125 230 mnVahiRhe |le Leu Ay
Ala Ay Lewddro Lys Thr GusAla 35 40 4510

Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Ser Asn Gly Asn Val
115 120 125

Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Glu Lys Asn Ile
130 135 , 140

Lys Glu Phe Leu Gln Ser Phe Val His Ile Val Gln Met Phe Ile Asn
" 145 150 155 160

Thr Ser

<210> 54

<211> 426

<212> DNA

<213> Artificial sequence

<220>
<223> Description of artificial sequence: synthetic
gene

>
:§§g> murine GM-CSF-62CpG
<220>
<221> CDS
222> (1)..(426)

<400> 54
atg tgg ctg cag aac ctg ctg ttc ctc gge atc gtc gtg tac tcg ctg 48
Met Trp Leu Gln Asn Leu Leu Phe Leu Gly Ile Val Val Tyr Ser Leu

1 5 10 15

agc gcg ceg acg cge tcg ccg atc acc gtg acg cgg ccg tgg aag cac 96
Ser Ala Pro Thr Arg Ser Pro Tle Thr Val Thr Arg Pro Trp Lys His
20 25 30

gtc gag gcg atc aag gag gcg ctg aac ctg ctc gac gac atg ccc gtg 144
Val Glu Ala Ile Lys Glu Ala Leu Asn Leu Leu Asp Asp Met Pro Val
35 40 45

acg ctg aac gag gag gtc dag gtc gtg teg a2ac gag ttc tcg tte aag 192
Thr Leu Asn Glu Glu Val Glu Val Val Ser Asn Glu Phe Ser Phe Lys
50 55 60

aag ctg acg tgc gtg cag acg cgg ctg aag atc tte gag cag ggc ctg 240
Lys Leu Thr Cys Val Gln Thr Arg Leu Lys Ile Phe Glu Gln Gly Len
65 70 75 80



29130 Asn Trp Val Asn Val Ile Ser Asp Lau Lys Lys Ile Gu Asp Lau Ile 50 55
60 dAn Ser Met His Ile Asp Ala Thr Lau Tyr Thr Qu Ser Asp Val Hs 65 70
75 80 Pro Sex Cys Lys Val Thr Ala Met Lys Cys Phe Lau Lau Gu Lau G n 85 90
95 Val Ile Ser Lou Qu Ser Gy Asp Ala Sex Ile His Asp Thr vVal Gu 100 105
110 Asn Lau Ile Ile Leu Ala Asn Asn Ser Lau Ser Ser Asn Ay Asn Val 115 120
125 Thr Qu Ser Ay Cys Lys Qu Cys GQu Gu Leu Au Gu Lys Asn Ile 130 135
140 Lys Qu Phe Lou An Ser the Val His?¥®e Val Gn Mt the Ile Asn 145
150 155 160 Thr Sex <210> 58 <211> 426 <212> DNA <213> nurine <220>
<223> nurine Gk GOE a8k libc typaad $440R0) gue<aR0ty B2 kg GBS ge2225 (dkb. . (426)
<400> 58 atg tAgg Gy st &fe SBE Lid sewclys Gliycrletigugge Mat tThghga gL t ac agc ctc 48
Met Trp Leu G n Asn Leu La® Phe Lau Gy I9% Val VaI Tyr98er Leu 1 5 10 15

tca gca ccc agg tc.act g ccc aa 96 Ser Ala
ero Tnr arg sbzile af i B sl b Bl Whidhc s oia o
gcc atc aaa gaa get et goaac ctc ctg gats gac atg cc 9gc 144 Val Au Alalle

Lys Gu Ala Lau Asn Lau Lou Asp Asp Met Pro Val 35 40 45
cag gtg acg acg tac gcc gac ttc atc gac teg ctg aag acg tte ctg 384
Gln Val Thr Thr Tyr Ala Asp Phe lle Asp Ser Leu Lys Thr Phe Leu

115 120 125
acc gac atc ccg ttc gag tgec sag aag cce ggc cag aag'tag 426
Thr Asp Ile Pro Phe Glu Cys Lys Lys Pro Gly Gln Lys
130 135 140
<210> 55
e <211> 141 ;
<212> PRT - -

<213> Artificial sequence
<223> murine GM-CSF-62CpG

<400> 55
Met Trp Leu Gln Asn Leu Leu Phe Leu Gly Ile Val Val Tyr Ser Leu
1 5 10 15

Ser Ala Pro Thr Arg Ser Pro Ile Thr Val Thr Arg Pro Trp Lys His
20 25 30

Val Glu Ala Ile Lys Glu Ala Leu Asn Leu Leu Asp Asp Met Pro Val
35 40 45

Thr Leu Asn Glu Glu Val Glu Val Val Ser Asn Glu Phe Ser Phe Lys
50 S5 60

Lys Leu Thr Cys Val Gln Thr Arg Leu Lys Ile Phe Glu Gln Gly Leu
65 70 75 80

Arg Gly Asn Phe Thr Lys Leu Lys Gly Ala Leu Asn Met Thr Ala Ser

85 90 95
Tyr Tyr Gln Thr Tyr Cys Pro Pro Thr Pro Glu Thr Asp Cys Glu Thr
100 105 110

Gln Val Thr Thr Tyr Ala Asp Phe Ile Asp Ser Leu Lys Thr Phe Len

115 120 125
Thr Asp Ile Pro Phe Glu Cys Lys Lys Pro Gly Gln Lys

130 135 140

<210> 56
<211> 489
<212> DNA

<213> human

<220> )
<223> human IL-15 wild-type (3CpG)

<220>
221> CDS



aca
Asn
t gt
Gn
aaa
Lys
cca
Pro
ttc
Asp

cca gg

130

GVt CSF-wi | dt

Il e

ttg
Au
gtg
Thr
ctc
Ay
act
Thr
at a
Ser
c
135

Val

sat
Au
cag
Arg
aag
Al a
ccg
Pro
gac
Leu
caa
140

Val

Thr Arg Pro
Leu Asp Asp
Asn G u The
Ile the GQu

g

gaa
Val

acc
Lau
ggc
Leu
gaa
du

age>cii . .gaw)acc
L s Thr The Leu

“532%&‘;1 % 292;1%%

Tyr

Mot CRr bewhén LEHAL)SSHS5HNPhy ber AsnGIE AaGly Mal Hi@ u Val
Ser the Ly%P 50 55 60 Ly% Leu Thr Cys Al

ch tte Xt %%5 95% Z&% Zé% aé% gca

ga
a

cg
Ly
gc
As
ac
Th

g gta
u Val

c ctg
s lle
c ttg
n Met

g gac
r Asp

gaa gto
Val Ser
aag ata
the Qu
aac atg

Thr Al

tgt gaa

Cys 4

ttt
115

gtc
Asn
ttc
Gn
sea

a Ser

aca

u Thr

>t5é 426 Thr A5£
t

Se

r Leu

Val Phe Ile Leu

aac
Asn

caa
Gin
65

ccc
Pro

gtt
Val

aat
Asn

aca
Thr

aaa
Lys
145

act
Thr

tgg
Trp
50

tct
Ser

agt
Ser

att
Ile

ctg
Leu

gaa
Glu
130

gaa

Glu

tct
Ser

<210> 57

<211>
<212>
<213>
<223>

<400>

35

gtg aat
Val Asn

atg cat
Met His

tgc aaa
Cys Lys

tca ctt
Ser Len
100

atc ate
Ile Ile
115

tct gga
Ser Gly

ttt ttg
Phe Leu

tag

162
PRT

human
human IL-15 wild-type (3CpG)

57

ctg

tot aac
G n Phe
gag cag
Gy Lau
gcc aqc
85 90 95

100 105

384 Gn Val
120 125 act gat atc ccc ttt gas tgc aaa aaa

gag ttc tcc ttc aag 192 Thr Lau
Ser the Lys 50 55 60 sag cta aca
ggt eta 240 Lys Lau Thr Cys Val

65 70 75 80

288 Arg Ay Asn the Thr

cgg ggc aat ttc acc

Lys Leu

tac tac cag aca tac tgc ccc
336 39230 Tyr Tyr A n Thr Tyr Cys Pro
caa gtt acc acc tat gcg gat
Thr Thr Tyr Ala Asp Phe Ile

110

Ile Pro Phe G n QIS Lys Lys Pro Ay A n Lys

Eﬁgl ga att
o'k ‘-‘rEﬁT

hodlt

E}e ?ﬁ Ile

1 5 10 15 Ser Ala Pro Thr Arg Ser
TePehty stHest 26h 2 36 cAakttCetn Atagda ectlyge LtucdAl a skeu Asn Leu

Gly Cys Phe Ser Ala

gta ata
Val Ile

att gat
Ile Asp
70

gta aca
Val Thr
85

gag tcc
Glu Ser

cta gca
Leu ARla

tgc aaa
Cys Lys

cag agt
Gln Ser
150

agt
Ser
55

gct
Ala

gca
Ala

g9ga
Gly

aac
Aszn

gaa
Glu
135

ttt
Phe

40

gat
Asp

act
Thr

atg
Met

gat
Asp

aac
Asn
120

tgt
Cys

gta
Val

ttg aaa aaa
Leu Lys Lys

tta tat acg
Leu Tyr Thr
15

aag tgc ttt
Lys Cys Phe
50

gca agt att
Ala Ser Ile
105

agt ttg tct
Ser Leu Ser

gag gaa ctg
Glu Glu Leu

cat att gte
His Ile Val
155

att
Ile
60

gaa
Glu

ctc
Leu

cat
His

tct
Ser

gag
Glu
140

caa
Gln

ggg ctt cct aaa
Gly Leu Pro Lys

45

gaa
Glu

agt
Ser

ttg
Leu

gat
Asp

aat
Asp
125

gaa
Glu

atg
Met

aca gaa gce

Thr Glu Ala

gat ctt
Asp Len

gat gtt
Asp Val

gag tta
Glu Leu
95

aca gta
Thr Val
110

ggg aat
Gly Asn

aaa aat
Lys Asn

ttc atc
Phe Ile

Met Arg Ile Ser Lys Prc His Leu Arg Ser Ile Ser Ile Gln Cys

1

5

10

15

att
Ile

cac
His
80

caa
Gln

gaa
Glu

gta

Val

att
Ile

aac
Asn
160

Tyr

Leu Cys Leu Leu Leu Asn Ser His Phe Leu Thr Glu Ala Gly Ile His

20

25

30

Val Phe Ile Leu Gly Cys Phe Ser Ala Gly Leu Pro Lys Thr Glu Rla

35

40

45

%Q§B> Bu
t8u™feu Phe Leu Gy
Pro Ile Thr Val

144

192

240

288

336

384

432

480

489

Ser

A@n Thr Arg Leu Lys



"Arg Ay Asn Phe Thr Lys Leu Lys Gy Ala Leu Asn Met Thr Ala Ser 85 90 95
Tyr Tyr GIn. Thr Tyr Cys Pro Pro Thr Pro Qu Thr Asp Cys GQu Thr 100 105 110
. A@n Val Thr Thr Tyr Ala Asp Phe Ile Asp Ser Leu Lys Thr Phe Leu 115 120 125
Thr Asp Ile Pro The Qu Cys Lys Lys Pro Ay A n Lys 130 135 140

29/30

Asn Trp Val Asn Val Ile Ser Asp leu Lys Lys Ile Glu Asp Leu Ile
50 55 60

Gln Ser Met His Ile Asp Ala Thr Leu Tyr Thr Glu Ser Asp Val His
65 70 15 80

Pro Ser Cys Lys Val Thr Ala Met Lys Cys Phe Leu Leu Glu Leu Gln
85 80 95

Val Ile Ser Leu Glu Ser Gly Asp Ala Ser Ile His Asp Thr Val Glu
100 105 110

Asn Leu Ile Ile Leu Ala Asn Asn Ser Leu Ser Ser Asn Gly Asn Val
115 120 125

Thr Glu Ser Gly Cys Lys Glu Cys Glu Glu Leu Glu Glu Lys Asn Ile
130 135 140

Lys Glu Phe Leu Gln Ser Phe Val His Ile Val Gln Met Phe Ile Asn
L 145 150 155 160

Thr Ser

<210> 58
<211> 426
<212> DNA
<213> murine

<220>
<223> murine GM-CSF wild-type (11CpG)

<220>
<221> CDS
<222> (1)..(426)

<400> 58
atg tgg ctg cag aat tta ctt ttc ctg ggc att gtg gtec tac agc ctc 48
Met Trp Leu Gln Asn Leu Leu Phe Leu Gly Ile Val Val Tyr Ser Leu
. 1 5 10 15
tca gca cec acc cgc tca ccc atc act gtc acc cgg cct tgg aag cat 96
Ser ARla Pro Thr Arg Ser Pro Ile Thr Val Thr Arg Pro Trp Lys His
20 25 30

gta gag gcc atc aaa gaa gcc ctg aac ctc ctg gat gac atg cct gte 144
Val Glu Alz Ile Lys Glu Ala Leu Asn Leu Leu Asp Asp Met Pro Val
35 40 45

aca ttg aat gaa gag gta gaa gtc gtc tct aac gag ttec tecc tte aag 132
Thr Leu Asn Glu Glu Val Glu Val Val Ser Asn Glu Phe Ser Phe Lys
50 55 60

aag cta aca tgt gtg cag acc cgc ctg aag ata ttc gag cag ggt cta 240
Lys Leu Thr Cys Val Gln Thr Arg Leu Lys Ile Phe Glu Gln Gly Leu
65 70 75 80

cgg ggc aat ttc acc aaa ctc aag ggc gcc ttg aac atg aca gcc agce 288
Arg Gly Asn Phe Thr Lys Leu Lys Gly Ala Leu Asn Met Thr Ala Ser
85 920 35

tac tac cag aca tac tgc ccc cca act ccg gaa acg gac tgt gaa aca 336



St

Tyr Tyr

caa gtt
Gln Val

act gat
Thr Asp
130

Gln

acce
Thr
115

atc
Ile

<210> 59
<211> 141
<212> PRT
<213> murin
<223> murines GM-CSF-wildtyp {11 CpG)

<400> 59

Met Trp
1

Ser Ala
Val Glu
Thr Len

50

Lys Leu
65

Arg Gly

Tyr Tyr

Gln Val

Thr Asp
130

Leu

Pro

Ala

35

Asn

Thr

Asn

Gln

Thr

115

Ile

Thr Tyr Cys Pro

100

acc tat gcg gat
Thr Tyr Ala Asp

cce ttt gaa tgc
Pro Phe Glu Cys

Gln Asn
5

Thr Arg
20

Ile Lys
Glu Glu

Cys Val

Phe Thr
85

Thr Tyr

100

Thr Tyx

Pro Phe

Leu

Ser

Glu

Val

Gln

70

Lys

Cys

Glu

135

Leu

Pro

Ala

Glu

55

Thr

Leu

Pro

Asp

Cys
135

Pro

ttc
Phe
120

aaa
Lys

Phe
Ile
Leu

40
val
Arg
Lys

Pro

Phe
120

30/30

Thr Pro
105

ata gac

Ile Asp

aaa cca
Lys Pro

Leu Gly
10

Thr Val
25

Asn Len

Val Ser

Leu Lys

Gly Ala

90

Thr Pro
105

Ile Asp

Lys Pro

Glu

age
Ser

ggc
Gly

Ile

Thr

Leu

Asn

Ile

75

Leu

Glu

Ser

Gly

Thr

ctt
Leu

caa
Gln
140

Val

Arg

Asp

Glu

60

Phe

Asn

Thr

Leu

Gln
140

Asp

aaa
Lys
125

aaa
Lys

Val

Pro

Asp

45

Phe

Glu

Met

Asp

Lys

125

Lys

Cys Glu Thr

110

acc ttt ctg

Thr

tag

Tyr

Trp

30

Met

Ser

Gln

Thr

Cys

110

Thr

Phe Len

Ser Leu
15

Lys His

Pro Val

Phe Lys

Gly Leu

80

Ala Ser
95

Glu Thr

Phe Leun

384





